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PUBLISHERS' NOTICE 



In offering the present edition of Perkins' Elementary 
Arithmetic to the public, the Publishers desire to call atren- 
tion to what they deem the peculiar merits of the work. 

I. They regard as a prominent feature of the book, the 
presence throughout of the distinguished mathematical mind 
of the Author. It is not ever3rthing labelled " an explanation," 
in an Arithmetic, that brings reasons to view ; nor every opera- 
tkm marked an " analysis" that reveals principles or essential 
relations. There is still a " lower deep" where the ground- 
matter lies ; and this we think Professor Perkins has ploughed 
up. The examiner may select, at remdom, proofs of this radical 
excellence. 

We, therefore, believe that the Arithmetic which we sub- 
mit, is peculiarly adapted to discipline the minds of those who 
study it, in the science of Numbers, and to advance them to a 
higher level of intellectual capability ; in short, to train them 
fitly for advanced departments in Mathematics. 

We are confident that the present work will maintain a 
longer than usual hold on the interest of both teachers and 
pupils ; for it is not, like a cistern, to be exhausted by a few 
drawings, but like nature's reservoirs, it has the fountain 
within itself. 

II. The Publishers would present as another excellence of the 
book, its freedom from minute repetitional details which cum* 
ber a page, and obstruct a pupiPs progress. It is believed 
that no principle is lefl unelucidated ; and that new light is 
thrown upon many, heretofore imperfectly illustrated. It is 
regarded as no small merit of the work, that it does not so 
dilute principles and crumble reasons as to enfeeble thoii 
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iy PyBLISHERS' NOTICE. 

power or obscure their clearness. There is such a thing as 
debilitating a pupil's mind through excess of illustration ; as 
inducing a passive reception rather than an active grasp of 
truths. It is with the intellectual as with the physical system. 
The digestive process would be less complete, if he who eats 
should be deprived of the action and the relish of chewing and 
>nvallowing his own food 5 so a true digestion of knowledge 
requires that the pupil should masticate his own intellectual 
aliments. We thmk Professor Perkins' book is happily adapted 
Co secure this result 

III. The general arrangement of the subjects treated is 
thought to be philosophical Those are brought into coo* 
junction which are related in idea. The subject of Fractions, 
uf Decimals, of Interest, of Partial Payments, etc., will, in 
their perspicuousness and their thorouglmess, commend them« 
selves to the examiner. 

The subject of Proportion and Ratio is presented with pe- 
culiar force ; as also, in Equation of Payments, the method of 
finding the Cash Balance. 

IV. The method of Extraction of the Cube Root is greatly 
preferable to the old method. It is far more concise and more 
comprehensive ; saving nearly half the labor, and being ap- 
plicable, with little variation, to the extraction of all roots 
The new method is fully and beautifully explained in this 
work. 

V. The properties of the significant figures, and the use of 
the zero, are, we think, philosophically and concisely pre- 
sented. 

VI. Lastly, we may say, no subject has been omitted on 
account of any inherent difficulty in elucidating it. 

The Publishers take pleasure in the appearance of the 
Book, which certainly invites the interest of the scholor. 
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PREFACE. 



It is more than four years since this work wai 

Cblished. During the whole of this time it has 
en in constant use under my own superintend- 
ence; and, consequently, I have had opportunity to 
ascertain what were its defects, and wherein a differ- 
ence of arrangement, or other modifications, would 
be desirable. I have, also, consulted experienced 
teachers with direct reference to the present re- 
visicm of the work, and now submit the result to 
the public. 

I am confident that great improvements will be 
found in the following particulars. In the state- 
ments of properties, relations, and principles — ^in 
the phraseology of definitions and of Kules — ^in the 
methods of ulustration — ^in the order of arrange- 
ment of the subjects treated ; indeed, throughout uie 
eiUire work. 

My object has been to be concise, yet lucid ; to 
reach the radical relations of numbers ; and to pre- 
sent fundamental principles in analyses and exam- 
ples, that shall leave nothing obscure, yet that shall 
not embarrass by multiplied processes, or enfeeble 
by minute details. I hold to the idea that a sufii- 
ciency of illustration to lay open thoroughly the 
subject treated, is all that is desired ; and that what- 
ever is redundant impairs the force of what is essen- 
tial. Both teachers and pupils will, as I judge, be 
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benefitted by thus leaving them somewhat to the 
action of their own minds. 

It is not easy for me to specify points to which 
attention may be directed. But I would suggest, the 
definition of the values of Figures— of the Zero ; 
the illustration of Subtraction; the general treat- 
ment of Vulgar Fractions; the introduction of 
Decimal Fractions before Federal Money; and of 
Duodecimals immediately after Denominate Deci- 
mals; the whole arrangement of Percentage and 
Interest ; the method of findine the Cash Balance in 
Equation of Payments. And last, but not least, the 
method of extracting the Cube Root, by means of 
auxiliary columns. To this method I ask the atten- 
tion of teachers generally. I believe I have omitted 
no step necessary to make it perfectly intelligible ; 
and for conciseness and beauty, as well as for prac- 
tical use, it is incomparably superior to the usual 
method. 

Throughout the entire work many new examples 
have been given, which have been formed with 
much care, having the different parts so related as 
to bring out, when solved, exactly the principle de- 
signed. Many of these questions contain statistical 
and historical facts which it is desirable for all to 
know, thus giving an interest to the questions which 
they could not possess in an abstract and simply 
numerical form. 

GEO. R. PERKINS. 

Vtcg^ March, 1843. 
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ARITHMETIC. 



Article !• Arithmetic is the science of numbers. 

The operations of arithmetic are performed by the aid 
of five distinct rules, viz. : Numeration^ Addition, Subtract 
tion^Multiplication, and Division. These are usually called 
the Fundamental Rules of arithmetic, because all other 
niles are foimded upon them. 

VHuit is Arithmetic 1 How many distiDct rulet bus it for its operations 1 
dMir names. What are these usually called 1 Why are they so called t 



NUMERATION. 



3« Nttmeration explains the method of reading written 
munbera. 

Notation is the writing down of numbers. 

Various methods of notation and numeration were used 
hy the ancients. We shall content ourselves with men- 
Honing two, /he common or Arabic method, and the Ramam 
tiethod. 

In the common method ten characters are employed. 

These characters when written are, 

/, B, s, 4, s, d, 7, S,o, o. 

• Digitized by GOOQle 



IQ ELEMENTARY AKITHMETIO. 

When printed, they become, 

1, 2, 3, 4, 6, 6, 7, 8, 9, 0. 

They have the following names : 

1 is called One, or a Unit, 

2 is called Two, or two Units, 

3 is called Three, or three Units, 

4 is called Four, or four Units, 

5 is called Five, or five Units, 

6 is called Six, or six Units, 

7 is called Seven, or seven Units, 

8 is called Eight, or eight Units, 

9 is called Nine, or nine Units, 

is called Naught, Cipher, or Zero. 
Each of these characters, except the zero, is called a 
> digit* ; and the first nine, when taken together, are called 
the nine digits. 
Any digit is called a significant figure. 

What if numeration 1 How is the common method lometimet called ? In thii 
mathod bow many character* are emplojred 1 What are the names of these char 
aetersi What are called digits 1 What is a significant figure 1 

3* The significant figures have unchanging values ; 
that is, they always represent units or ones ; but the units 
which they represent differ in value. 

When a significant figure stands disconnected from 
other figures, the value of its unit is called its simple value. 
When such figure stands in connection with other figures, 
<he value of its unit will depend upon the place which it 
occupies, and is therefore called its local value. 

Thus, in the number 3456, which consists of four sig* 

* Fhns the Latm. difittu, a finger : because the ancients used to do theii ceekoa 
tag en their fingers. OriginaUy 10 was alto called a digitd by CjOOg Ic 



NUMERATION. |( 

nificant figures standing in connection with each other^ 
each figure expresses units ; but units of diflferent values. 
The right-hand figure, 6, expresses six units, whose value 
is their simple value ; that is, each unit is a single one, 
Th 3 second figure, 5, expresses five units ; but each unit is 
ten times greater than each unit of the first figure ; there- 
fore the 5 may be read 5 tens, equal to fifty units of simple 
ralue. The units expressed by the third figure, 4, are ten 
times greater than the tmits expressed by the second 
figure, and one hundred times greater than those ex- 
pressed by the first figure ; the third figure is therefore 
read 4 hundreds. The last figure, 3, expresses units ten 
times greater than the units in 4, and one thousand times 
greater than the units in 6, and is read 3 thousands. 
9 Hence this property : 

When figures are connected in a line as in the number 
3456, the imits which they express are said to be of dif- 
ferent orders. Thus, 6 occupies the first place, and its 
units are of the ^r^^ order, that is, they have their simple 
value. The 5 occupies the second place, and its units are 
of the second order, or tens. The 4 occupies the third 
place, and its units are of the third order^ or hundreds 
The 3 occupies the fourth place, and its units are of the 
fourth ordery or thousands. Hence the above number is 
three thousand four hundred and fifty-six. 

To numerate and read the numbers in the following 
table, proceed thus : Begin with the upper line 3. The 
fiiftt place only being occupied, you numerate Units. Then 
read, three units, or simply three. In the second line two 
places are occupied — then numera/^e Units, Tens — ^read 
fifty four. In the third line three places ajre occupied ; 
then numerate Units, Tens, Hundreds — read two hurAred 
md sixtV'Seven, and so proceed. ^ t 

^ ^ ^ Digitized by CjOOgle 
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NTMERATION TABLE. 



•^ > QQ OS 



^ o 3 o 

^5 M.Sns 



Si3 S 2 5 



c i s s .^ 

. •*£ 'S ►si , ts 



Place or order. 



7 
4 3 
6 3 5 
7 6 8 2 
6 8 5 7 3 



. 3 Units — three, 

5 4 

6 7. Units, Tens 



3 8 



Units, Tens— fifty-four, 
, Hundreds 
— two hundred and 
sixty-seven; and so 
proceed. 



4« In the preceding table no occurs. This charac* 
ter, unlike the digits, represents the absence of number. It 
is used to fill places where no value is to be expressed, 
and thus to cause the significant figures to occupy those 
places in which thej will express the intended values. 
Thus, 2, standing alone, means 2 units of the first order 
or of simple value ; but 20 means 2 imits of the second 
order, and no units of the first order; that is, 20 is the ex- 
pression for 2 tens, or twenty. In the same way, 200 
means 2 units of the third order, no units of the second 
order, and no units of the first order ; that is, 200 is the 
expression for two hundred. 

Hence, a zero placed at the right-hand of a significant 
figure, increases the simple value of its units tenfold. Two 
eeros placed at the right-hand of a significant figure m- 
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NVMEEATION. 13 

crease the simple value of its units ten times tenfold, or t 
hundred-fold. Three zeros a thousand-fold, and so on ; every 
. additional zero increases the preceding value tenfold. 

In reading numbers containing zeros, we read only the 
ii^:nificant figures. Thus the number 20406, consisting 
of 6 units, nc tens, 4 hundreds, no thousands, 2 ten thou- 
lands, must be read twenty thousand four hundred and six. 

DoM the Talue of figures change 1 What do they always represent % Do theif 
units differ in Talue 1 What is the local ralue of a unit 1 When significant figures 
era connected together, what value has the unit of the right-hand figure ? What the 
unit of the second figure, Ace. 1 Give an illustration. When a figure occupies the 
first place, of what order are its units, &e. ? Repeat the Numeration Table. What 
do yoa nMan by the place of a figure 1 What by the order of its units ? What does 
the zero represent 1 For what purpose is it used 1 What effect has it on the units of 
the significant figures with which it is connected? What effect have two zeros? 
What effect has every additional zero 7 In reading numbers, what use do we make 
of the zenj 1 What figures do we read? 

EXAMPLES. 

Numerate and read the an- 
nexed numbers : 

Also, write down the following 
numbers under each other, so 
that units may stand under 
anits, tens under tens, hundreds 
under hundreds, &c. 

Seventy-three. 

Three hundred and thirty-seven. 

Eight thousand six hundred and one. 

Ninety-seven thousand three hundred and forty-three. 

Three hundred thousand, five hundred and eleven. 

Six millions, one thousand and twenty-five. 

Forty-three millions and seventeen. 

Two hundred and thirty-three millions and ten thousand, 

S. Thus far we have shown how to numerate and 
read nimibers which do not contain more than nine places 
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2 5 

12 3 7 

2 7 8 3 5 

10 2 7 

6 3 6 9 

5 4 12 8 9 
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of figures. When there are more than nine places of 
figures, it will be convenient to divide them into periods of 
three figures each, as in the following 

TABLE 



d S " S ^ 

. i i § i g i 

fi S .5 g I I .E 



a <f h< m s n a 



Hi is 11 p I. 1 I i 

^tLS t!« S:= fisa =i« S- =j o 




o 



657 8 9 343 17533 164853274 8 9432 

Ji . , . , , . 

ggoooooog 

By this table we discover that each period, or group of 
three figures, takes a new name, bj which means the 
numeration of all numbers is made to depend upon that 
of three figures. 

6* The above method of numerating, by giving to each 
period of three figures an independent name, is due to the 
French. There is another method, sometimes iised, called 
the English method. It consists in giving a new name to 
each period of six figures. The French way is the sim- 
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pCer, and is generally adopted. We will exhibit the t^o 
m^^hnds at one view in the following 




Bj the French method of numerating, how many figures are connected in a period 1 
How many do the English connect in a period 1 Which method is to be preferred ? 



7. After the pupil has carefully examined this table, 
et him be required to numerate and read, by dividing into 
periods of three figures, the following numbers : 

1347835674116 

3478567321752005 

75456278327005717 

633456267489136545 

45654213400100205437 

467743486921785412123456489 
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16 ELEMENTARY ARITHMETIC. 

Let liim also separate them into periods of six figures, 
ficcording to the English method, and then numerate and 
i-ead them. 

It will be seen, by reference to the foregoing taUiies, 
cnat the French and English methods of numerati<m 
Agree as far as nine places of figures, which is as fai 
as we generally wish to extend nimibers in the ordinary 
business operations of life. Numbers could be chosen 
which should be widely different, and still would be read 
precisely the same by the two methods. For instance, the 
French method of reading 103900000000000 is the same 
as the English method of reading 1 03000900000000000000, 
each reading being one hundred and three trillions^ nine 
hundred billions. 

The same is the case with infinite other nimibem 
which might be selected. Hence the importance of know- 
ing which system of numeration is employed. Twenty 
billion^ in the EngHsh system is a tho'ujand times twenty 
billions in the French system. 

ROMAN NOTATION. 

8. The Romans, as well as many other nations, ex- 
pressed numbers by certain letters of the alphabet. The 
Romans made use of only seven capital letters, viz. : I foi 
one ; V ioxfive ; X for ten ; L ioxffty ; C for one hundred , 
D {or five hundred ; M for one thousand. The other num 
bers they expressed by various repetitions and combinationi 
of these letters, as in the following 

TABLE. 

1 expressed by I. As often as any cha^ 

2 ^ "• IL acter is repeated, 80 many 
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3 


expressed by IE. 


times is its value ve 


4 


u 


" IV, or mi. 


peated. 


5 


U 


'^ V. 


A less character be 


6 


U 


« VI. 


fore a greater, diminish0» 


7 


u 


« VII. 


its value. A less char- 


6 


a 


« VIII. 


acter after a greater, in 





u 


^ IX. 


creases its value. 


10 


a 


" X 




50 


u 


" L. 




lOO 


u 


« C. 




500 


a 


" D. 


A bar ( — ) over acy 


1000 


u 


« M. 


number, increases it 1000 


2000 


u 


« MM. 


fold. 



5000 



By what maaiu did the Romaiu express numbers 1 In this notation, hcer did re- 
a letter affect the value which it represented! How was the Talne of a 
aflbeted when one of less value was placed before it 1 How when a ehat> 
' of lesi Talue was ilaeed after it 1 How was the value affected by a bar drawa 



ADDITION OP SIMPLE NUMBERS. 

9. Simple Addition is putting together several num- 
Oers of the same kind or denomination. 

The sum total which is obtained by adding several 
numbers together, is called the amount. 

Before explaining the method of adding numbers, we 
will show the use of the two symbols =, +. 

The symbol z=, is called the sign of equality, and when 
fdaced between two quantities, it indicates that they are 

2* Digitized by Google 



Ig fiLEMENTART ARITHMETIC. 

equal. Thus $1 = 100 cents, implies that one dollar it 
equal to one hundred cents. 

The symbol +, is called the sign of addition, and when 
placed between two quantities, indicates that those quan- 
tities are to be added. Thus 34-4=7, denotes that the 
lum of 3 and 4 is equal to 7. 

The symbol + is generally read plus ; a Latin woid, 
meaning more. 

What ii simple addition t What it the reralt obtained by adding Mveral nomben 
together, called ? Describe the lymbol of equality. Describe that of addition. 

By the assistance of these two symbols we may form 
the following 

ADDITION TABLE. 



2+0= 2 


3+0= 3 


4+0= 4 


5+D= 5 


2+1= 3 


3+1= 4 


4+1= 5 


5+1= 6 


2+2= 4 


3+2= 6 


4+2= 6 


6+2= 7 


2+3= 5 


3+3= 6 


4+3= 7 


5+3= 8 


2+4= 6 


3+4= 7 


4+4= 8 


5+4= 9 


2+5= 7 


3+6= 8 


4+5= 9 


5+5=10 


2+6= 8 


3+6= 9 


4+6=10 


5+6=11 


2+7= 9 


3+7=10 


4+7=11 


5+7=12 


2+8=10 


3+8=11 


4+8=12 


5+8=13 


2+9=11 


3+9=12 


4+9=13 


5+9=14 


6+0- 6 


7+0= 7 


8+0= 8 


9+0= 9 


6+1= 7 


7+1= 8 


8+1= 9 


9+1 = 10 


6+2= 8 


7+2= 9 


8+2=10 


9+2=11 


6+3= 9 


7+3=10 


8+3=11 


9+3=12 


6+4=10 


7+4=11 


8+4=12 


9+4=13 


6+5=11 


7+5=12 


8+5=13 


9+5=14 


6+6=12 


7+6=13 


8+6=14 


9+6=15 


6+7=13 


7-1-7=14 


8+7=15 


9+7=16 


6+8=14 


7+8=15 


8+8=16 


9+8=17 


6+9=15 


7+9=16 


8+9=17 


9+9=18 






, 











ADDITION. 



1^ 



Let the pupii be required to answer the following quee • 
tioias: 

4+3 =how many 1 

2+5+ 1 =how many ? 

5+6+7+2=how many? 

8+9+2+ l+7=how many? 

6+7+6+4+3+2=how many? 

l+2+4+3+5+7+6=how many? 



EXAMPLES. 

1. Where the sums of the several columns are less than 
ten; — 

Add together 2432,* 3343 and 4122. 
Set the numbers under each other: 
units under units ; tens under tens ; 
hundreds under hundreds ; thousands 
under thousands. Draw a line below 
ihe whole. 

Add first, the column of imits. Set 
the simi 7 under the column of units ; 
next add the tens ; set the sum 9 
under the column of tens — ^next add 
the himdreds ; set the sum 8 under 
the column of hundreds. Lastly, add 
the thousands, and set the sum 9 
under the coliunn of thousands. The 
whole amount is, then, nine thousand 
eight hundred and ninety-seven. 

Add 6264, 2532 and 1203. Ans. 9999. 

Add 4132, 1001 and 1423. Ans. 6556. 

2. Where the sums of the several columns equal oi 
exceed ten; — 
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OPERATION. 


oa 








T3 


03 






c 


TS 






^ 


1 


i 


.5 

s 


^ 


X 


H 


& 


2 


4 


3 


2 


3 


3 


4 


3 


4 


1 


2 


_2 


9" 


8 


9 


7 



«0 



ELEMENTARY ARITHMETIC. 



What is the sum total of the following numbers : 3758 
4903, 7006, 3713, 3721. 

Place the numbers as directed in 
the preceding example. The sum 
of the numbers in the xmits' column 
is 21 — that is, 2 tens and 1 unit. 
Set the 1 under the units' column, 
and carry the 2 to the next or 
tens' column. The sum of the 
tens' column thus increased is 10 
tens ; that is, 1 hundred and no 
tens. Place a zero under the tens' 
column, and carry the 1 to the hun- 
dreds' column. The sum of the 
hundreds' column, so increased, is 
3 1 hundreds ; that is, 3 thousands and 1 hundred. Set the 
I under the hundreds* column, and carry the 3 to the 
thousands' column. The sum of this column, so increased, 
is 23 thousands, or a tens of thousands and 3 thousands. 
Set the 3 under the thousands' column, and carry the 2 
to the tens of thousands' place ; or, what is the same 
thing, set down the whole of the sum of the last column. 

10. From what has now been explained, we know 
that ten units are equal to one ten, ten tens are equal to 
one hundred, ten hundreds are equal to one thousand, and 
»o on ; ten of any order are equal to one of the next supe- 
rior order. Hence, for adding numbers of the same de 
nomination, we deduce this 



OPERATION. 




m 




n3 m 




fl ^3 




1 "O «• 


3 




•I 


^ Eh DC ^ 


& 


§ 3 7 5 


8 


1 4 9 


3 


g 7 


6 


a 3 7 1 


3 


o 




Eh 3 7 2 


1 


2 3 10 


I 



RULE. 
/. Place the numbers to he added under each ather^ sc 
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ADDITION. 2\ 

^kat tunts may stand under units^ tens under tenSy hundreds 
inder hundreds, and so on for the higher orders, 

11. Commencing at the right, find the sum of the numbers 
in the column of units ; if this sum is less than ten^ place it 
immediately under the unit column ; but if\t equals or ear* 
9$eds ten, see how many tens it contains^ and how many 
units over ; write down the units under the units' column, 
"md carry the tens to the next, or tens' column. In this way 
proceed with each column, observing to carry for every ten 
contained in such column, one to the column of the next 
Mgher denomination, When we reach the last column, its 
johole amount must be set down. 

How do you write the numbers for addition 1 Where do you c Jmmenoe to add 1 
if the sum is expressed by a single digit, how do you dispose of it? When it equals 
or neeeds ten, how do you proceed 1 What is the rule with repard tn <>arrying1 How 
it* TOO proceed when you come to th/last column 1 





EXAMPLES. 


(1.) 




(2.) 


56430 




7921341 


12798 




82345768 


34457 




79013265 


21325 




7890275 


125010 


amount. 


177170649 



PROOF OP ADDITION. 

II. The method of proving, or testing the work of 
addition, is generally to commence at the top of the re- 
•pective columns and add downwards, carrying one for 
every ten as before ; if the sum is the same as when the 
columns were added upwards, the work is then supposed 
10 be correct. This proof is not infallible, since mistakes 
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EIEMBNTART ARITHMETIC 



may occui Ki both operations, which shall balance each 
other. 

How it the work of addition generally proved ? It this method of proof infaHM»t 
1¥]i7iioC? 



(5.; 


(6.) 


(7.) 


34567890 


43345678 


123423434 


2357911 


21123355 


23785432 


234567 


27893 


9876543 


24897 


54689 


751002 


64 


734321 


10200 


37185329 


65285936 


157846611 



a Add 123405, 2354210, 794327, and 36547, together. 

Ans, 3308489. 

9. Add 275602, 345607, 4567801, and 365, together. 

Ans, 5189375. 

10. Add 100375, 406780, 4673005, 4112, and 2478, 
together. 

Ans. 5186750. 
il. Add 1034001 78954, 379205, 367001, and 45637, 
together. 

Ans. 1904798. 

12. What is the sum of the following numbers : Three 
thousand six hundred and fifty, seven thousand eight hun- 
dred and thirty-two, eleven thousand five hundred and' 
sixty-seven, ten thousand and fifty-six, four hxmdred and 
seventy-two? Ans, 33577. 

13. What is the sum of the nimibers, four thousand 
three hundred and seventy-three, three thousand one liun« 
dred and fourteen, one thousand two hundred and twenty- 
three, six hundred and fifty-four ? Ans. 9364 
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ADDITION. 23 

14. Find the number of days in a year, the da)'^ of 
the respective months being as follows : Januaiy/Sl, Feb- 
ruaiy,28, March, 31, April, 30, May,31, June, 30, July,31 
August, 31, September, 30, October, 31, November, 30 TV 
eember,3L 

Ans, 365 days. 

15. A man drew five loads of bricks; in the first load h 
had 1209, in the second load 1453, in the third load 1101 
in tho fourth load 1212, and in the fifth load 1303. How 
•nany bricks were there in alj? 

Ans. 6278 bricks. 

16. If therq are shipped from the United States, 15624 
barrels of flour to Sweden, 250 barrels to Holland, 205154 
barrels to England, 6401 to lexas, 19602 to Mexico, what 
is the whole amount? Ans. 247031 barrels. 

17. In 1837 the United States exported 100232 hogs- 
beads of tobacco; in 1838 they exported 100592; in 1839 
they e3q)orted 78995; in 1840 they exported 119484; in 
1841 they exported 147828. How many hogsheads of to- 
bacco were exported during these five years? 

Ans. 5i7ldl hogsheads. 

18. If the cotton crop of the United States is estimated 
at 1360532 bales for the year 1839, 2177835 bales for the 
year 1840, 1634945 bales for the year 1841, and 1683574 
bales for the year 1842, how many bales will the fom 
years' crops amount to? Ans. 6856886 bales. 

19. In 1839 the Onondaga Springs produced 2864713 
b'jshels of salt ; in 1840 they pr6duced 2622305 bushels 
ia 1841 they produced 3340769 bushels; in 1842 they 
cmoduced 2291903 bushels. What is the whole numbei 
•f bushels during the above four years? 

Ans. 11119695 bushels. 
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24 ELEMENTARY ARITHMETIC 

20. The United States exported in bullion and specie, 
a 1838, 3508046 dollars; in 1839, 8776748 dollars; in 
1840, 8417014 dollars ; in 1841, 10034332 dollars. How 
:auch was exported during these four years ? 

Ans, 30736135 ^dollars. 

21. Amount of tea consumed in the United States, 
during 1842, was 13482645 poimds; during 1843, it was 
» 2785748 pounds; in 1844, it was 13054327 pounds ; in 
1845, it was 17162550 pounds; and in 1846 it was 
1 689 1 020 pounds. What was the whole number of pounds 
during these five years ? 

Ans, 73376290 pounds. 

22. The amount of coffee consumed in the United 
States, during the year 1842, was 107383567 pounds ; in 

1843, it was 85916666 pounds; in 1844, it was 149711820 
poimds; in 1845, it was 94358939 pounds, and in 1846 
it was 124336054 pounds. What was the whole number 
of pounds during these five years ? 

Ans. 561707046 pounds. 

23. The number of acres of public land sold by the 
United States government, in the year 1841, was 1 164796 
acres; in the year 1842, it was 1129217 acres; in 1843, 
it was 1605264 acres; in 1844, it was 1754763 acres; 
and in 1845 it was 1843527 acres. What was the whole 
niunber of acres sold during these five years ? 

Ans. 7497567 acres. 

24. The United States revenue for letter postage, under 
the new law, was as follows : for the year 1842, it was 
3953315 dollars; for 1843, it was 3738307 dollars; for 

1844, it was 3676162 dollars; and for 1845 it was 
366023 1 dollars. What was the whole nmnber of dollars 
ilimng these four years? Ans. 150280 .6 dollars 
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ADDITION/* 25 

25. In 1843 J the amount of gold coined tt the United 
States mint and branches, was as follows : At Philadel- 
phia, 4062010 dollars; at the branch at New Orleans, 
3177000 dollars; at the branch at Dahlonega, 582782 
MlaiB ; at the branch at Charlotte, 287005 dollars. How 
many dollars of gold coined in all 7 

Ans, 8108797 dollars. 

The sum of the numbers in each row of the following 
table, whether taken vertically or horizontally, or from 
comer to comer, is 24156. Let the pupil be required to 
make these 24 distinct additions.* 

TABLE. 



8016 
252 

2448 
684 


4212 

2052 

288 


1656 
4248 
2088 


3852 
1692 
4284 


1296 
3888 
1728 


3492 
1332 
3924 
1764 


936 
3528 
1368 
3960 


3132 

972 

3564 

1404 


576 
3168 
1008 
3204 


2772 

612 

2808 

1044 


216 
2412 

648 
2844 
1080 
3276 
1512 
3708 
1944 
4140 
2376 


2484 


324 


2124 


4320 


2880 


720 


2620 
756 


360 
2556 

792 
2988 

828 


2160 
396 

2592 
432 

3024 


4356 

2196 

36 

2628 

468 


1800 
3996 
2232 
72 
2664 
504 
3096 


3600 
1836 
4032 
2268 

108 
2700 

540 


1440 
3636 
1872 
4068 
2304 
144 
2736 


3240 
1476 
3672 
1908 
4104 
2340 
180 


1116 


2916 


8312 


1152 
3348 

1584 


2952 
1188 
3384 


1548 


8744 


1980 
4176 


3780 


1224 


3420 


864 


3060 


1620 


3816 


1260 


3456 


900 



* TUit»l»l« ii fonned by nraltiplyiiif the nmnkicrs in the maffie square of 11, by SO 

3 
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26 ELEMENTARY ARITHMETIC. 

The quajititjr and value of teas and coflfee coEijuiiied 
annually, from 1821 to 1846, in the United States, were 
as follow : 





TbAS COMSUMKDi 


CorrKK CONSHMBD. 1 


Ybirs. 










Pound!. 


V«Uue. 


PooiMb. 


Valttt. 


1821 


4586223 


$1080264 


11886063 


$2402311 


1822 


5305588 


U60579 


18515271 


3899042 


1823 


6474934 


1547695 


16437045 


2835420 


1824 


7771619 


2224203 


20797069 


2513950 


1825 


7173740 


2346794 


20678062 


1995892 


1826 


8482483 


3443587 


25734784 


2710536 


1827 


3070885 


942439 


28354107 


1130607 


1828 


6289581 


1771993 


39156733 


3695241 


1829 


5602795 


1531460 


33049695 


3052020 


1830 


6873091 


1532211 


38362687 


3180479 


1831 


4656681 


1057528 


75700757 


5796139 


1832 


8627144 


2081339 


36471241 


2516120 


1833 


12927043 


4775081 


75057906 


7525610 


1834 


13193553 


5422275 


44346505 


4473937 


1835 


12331638 


3594293 


91753002 


9381689 


1836 


14484784 


4472342 


77647300 


7667877 


1837 


14465722 


5003401 


76044071 


7335506 


1838 


11978744 


2559546 


82872633 


7138010 


1839 


7748028 


1781824 


99872517 


9006685 


1840 


16860784 


4059545 


86297761 


7615824 


1841 


10772087 


3075332 


109200247 


9855273 


1842 


13482645 


3567745 


107383567 


8447851 


1843 


12785748 


3405627 


85916666 


5923927 


1844 


13054327 


3152225 


149711820 


9054298 


1845 


17162550 


4809611 


94358939 


5380532 


1846 

Totals. 


16891020 


3983337 


124336054 


7802894 











This table will afford material for as many examples in 
addition as the teacher may desire. Thus, he may require 
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SUBTRjiOTION. 07 

the pupil to find the total number of pounds, as well as 
dollars, for the whole number of years given, or for any 
particular years within the limits of the table ; and as it 
is very desirable for the pupil to be quick and accurate in 
the addition of numbers, it will be well for the teacher to 
extend to considerable length the exercises which may be 
diawn from the above statistics. 



SUBTRACTION OF SIMPLE NUMBERS. 

19« Subtraction is taking a less number from a 
greater. 

The greater number is called the minuend, and the 
smaller number is called the subtrahend ; the result is 
called the remainder or difference. 

The symbol for subtraction is — . When this symbol 
IB placed between two numbers, it indicates that the se<?- 
^ad is to be subtracted from the first. Thus, 8—5, denotes 
that 5 is to be taken from 8. The remainder being 3, we 
hav« 8—5=3. 

Hie symbol — is generally read minus ; a Latin word 
oeaning less. 

Wkttt k Snbtraetion 1 What is the greater number called 1 What u the tmaJtei 
MiWr edled 1 What it the result called 1 What tymbol if used to denote 8uV 
i1 



By using this symbol, we may form the following 
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ELEMENTARY ARITUMETIO. 

SUBTRACTION TABLE. 



2-2 = 





3-3= 





4-4= 





5-5= 


3-2= 


1 


4-3 = 


1 


5-4= 


1 


6-5= 1 


4-2= 


2 


5-3= 


2 


6-4= 


2 


7-5= 2 


5-2= 


3 


6-3 = 


3 


7-4= 


3 


8-5= 3 


6-2= 


4 


7-3 = 


4 


8-4= 


4 


9-5= 4 


7-2 = 


5 


8-3 = 


5 


9-4= 


5 


10-5= 5 


8-2= 


6 


9-3 = 


6 


10-4= 


6 


11-5= 6 


9-2= 


7 


10-3= 


7 


11-4= 


7 


12-5= 7 


10-2= 


8 


11-3= 


8 


12-4= 


8 


13-5= 8 


11—2= 


9 


12-3= 


9 


13-4= 


9 


14-5= 9 


6-6= 





7-7= 





8-«= 





9-9= 


7-6= 


1 


8—7= 


1 


9-8= 


1 


10-9= I 


8-6= 


2 


9-7= 


2 


10-8= 


2 


11-9= 2 


9-6= 


3 


10-7= 


3 


11-8= 


3 


12—9= 3 


10-6= 


4 


11-7= 


4 


12-8= 


4 


13-9= 4 


11-6= 


5 


12-7= 


5 


13-8= 


5 


14-9= 5 


12-6= 


6 


13-7= 


6 


14-8= 


6 


15-9= 6 


13-6= 


7 


14-7= 


7 


15-8= 


7 


16-9= 7 


14-6= 


8 


15-7= 


8 


16-8= 


8 


17-9= 8 


15-6= 


9 


16-7= 


9 


17-8= 


9 


18-9= 9 



Let the pupil be required to answer the following 



questions : 

8— 2=how many ? 
11— 2=how many? 

8— 3=how many? 
10— 3=how many? 
12— 3=how many ? 

7— 4=how many? 

9— 4=how many? 
1 1 — 4=how many ? 
13— 4=how many^ 



13— 5=how many? 
11— 6=how many ? 
13— 6=how many? 
14— 7=how many? 
16— 7=how many ? 
10— 8=how many ? 
12— 8=how many ? 
13— 9=how many ? 
17—9 =how many ♦ 
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SUBTRACTION. 29 

EXAMPLES. 

1. In which no figure of the subtrahend is larger than 
the corresponding figure in the minuend. 

From 796 subtract 375. operation. ' 

Place the subtrahend directly 
miier the minuend, so that 



3 g -S 

ffi F^ & 

7 9 6 minuend. 

3 7 5 subtrahend, 

4 2 1 difference. 



units may stand \mder units, 
lens under tens, hundreds under 
hundreds. 

Then commence at the 
units' column and subtract — 
5 from 6 leaves 1 ; place the one 
under the units* column, and so proceed with each suc- 
ceeding column. 

From 687 subtract 486. Arts. 201. 

From 7949 subtract 5438. Ans.2b\h 

From 69975 subtract 59831. Ans, 10144. 

From 879465 subtract 729355. ^ti^. 1501 10. 

From 987654321 subtract 821350011. 

Ans, 166304310. 

2. In which some of the figures of the subtrahend are 
larger than the corresponding figures of the minuend. 

From 867 subtract 496. 

OPERATION. 



P3 Eh & 

T hjmdred, 16 tens, and 7 units, [7] [16] • 
sS hunda-ed, 6 tens, and 7 units, $ ^ 7 minuend, 

4 9 6 subtrahend 



3 7 1 difference. 
3* 
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ELEMENTARY ARITHMETIC. 



Place the minuend and subtrahend as in the pnx^eding 
example. Begin at the units* column ; 6 from 7 leaves 1. 
Passing to the tens* figure of the subtrahend, which is 9, 
wo see that it cannot be subtracted from the coiresponding 
figure of the minuend. But we know (Art. IO,) that 1 
of any order is equal to 10 of the next lower order. We 
therefore take I from the hundreds* figure, leaving that 
figure 7, (which we place in brackets over the 8, marking 
out the 8,) and counting the 1 hundred as 10 tens, we add 
it to the 6 tens, making 16 tens, which sum we place in 
brackets over the 6 and mark out the 6. We now say 9 
from 16 leaves 7; 4 from 7 leaves 3. 

From 959 subtract 678. Ans. 281. 

From 767 subtract 349. Ans, 418. 

From 8965 subtract 7774. Ans. 1191. 

From 52475 subtract 19304. Ans, 33171. 

3. We will now give an example of a more difficult 
operation. 

From 8053 subtract 4967. 

Place the minuend 
and subtrahend as before. 
Commence at the units' 
column. We cannot sub- 
tract the 7 from the 3, as 
the subtrahena figinre is 
the larger. We there- 
fore take 1 from the tens* 
figure of the minuend, 
leaving that figure, 4, 
(which we place in 
brackets over the 5, mark- 
ing out the 5,) and counting the 1 ten as ten units, w 
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OPKRATION. 


4 


09 






§ 








o 


1 


0) 


OB 


H 


S 


H 


p 


• 


[9] [14] 


•; 


[7] [X0] W [13] 


$ 





$ 


$ minuend. 


4 


9 


6 


7 subtrahend. 


3~ 





8 


6 difiference. 



SITBTRACTIO)«. 3J 

a4d it to th^ 3 units, making 13 units, which sum we 
place in brackets over the 3 and mark out the 3. We 
can now subtract the 7 from the 13. We next seek to 
iitbtract the 6 from the 4, which we cannot tic. We must 
then seek one from the hundreds' place to be added to the 

4 But there are no hundreds there. We then go to the 
thousands' place. Taking one from the 8, we have 7 left. 
Place the 7 in brackets over the 8 and mark out the 8. 
The 1 thousand we carry to the himdieds' place, where it 
dbunts 10 hundred ; place the 10 over the zero and mark 
3at the 0. Then take 1 hundred from the 10 in the 
brackets, leaving 9, which, place in second brackets above, 
and mark out the 10; then add the 1, counting it as 10 tens, 
to the 4, and you have 14 tens, which place within second 
brackets over the 4 and mark out the 4. 

Now we proceed with the subtraction ; 6 from 14 leaves 
8*9 firom 9 leaves ; 4 from 7 leaves 3. 

It will be noticed that the minuend appears in three 
different forms ; yet the siun is the same in all. Thus, in 
the minuend proper, the sum is 8 thousands, himdreds, 

5 tens, 3 units ; in the minuend in the first brackets, the 
som is 7 thousands, 10 hundreds, 4 tens, 13 units ; in the 
second brackets, 7 thousands, 9 hundreds, 14 tens, 13 
units : each form being equal to 8053. 

Note. — ^The preceding explanations are intended to show the 
feasoDS of the proce.<ss. The pupil should perform simil«j openii» 
tions withont writing down the steps. 

Prom 8275 subtract 7189. Ans, lOSe. 

From 6044 subtract 5272. Ans, 772. 

Fnm 90000 subtract 1 Ans. 89999 

Digitized by Google 







OPERATION. . 


1 

i 

8 


1 




5 3 minuend. . 


4 


9 


6 7 subtrahend. 


r 





8 6 difference. 



32 ELEMENTARY ARITHMETIC. 

There is another mode, shorter and more practical, Idi 
performing subtraction, when figures in the subtrah«[id an 
larger than corresponding figures in the minuend. 

Take the same example. 

Wo cannot subtract 7 
firona 3. Therefore we add 
10 to the 3 and say, 7 from 
13 leaves 6. Having thus 
increased the minuend figure 
3, by 10 units, we balance 
that excess by adding 1 ten 
to the 6 of the subtrahend, 
making 7 tens. But the 7 
tens cannot be subtracted from the 5 tens. Add, then, 10 
tens to the 5, making 15 tens, and then say 7 from 15 
leaves 8 ; having added 10 tens to the 5 of the minuend, 
we restore the balance by adding 1 hundred to the 9 of 
the subtrahend, making 10. But we cannot subtract 10 
from 0. Then we add 10 hundred to the 0, and say 10 
from 10 leaves 0. Before subtracting the thousands, we 
must add 1 to the 4 thousands to compensate for the 10 
hundred added to 0, then say 5 from 8 leaves 3. 

From 9034 subtract 7941. Ans. 1093. 

From 8087 subtract 4759. Ans, 3328. 

From 87315 subtract 19848. Ans. 67467. 

From 64281 subtract 38796. Ans. 25486. 

From what has been done, we deduce this 

RULE. 

/. Pkice the subtrahend under the minuend, so thai umU 
may stand directly under units, tens under tens, 6fc, 

Digitized by Google 



SUBTRACTION. 



3a 



il Then commendng at the right, subtract each Jig\ire 
rf the subtrahend from the corresponding figure of the min^ 
uend ; observing^ when a figure of the subtrahend is 
greater than the corresponding figure of the minuend, to 
increase the minuend figure by \0 before subtractings and 
then to carry 1 to the next figure of the subtrahend. 

How do 70a place tiM mwadben for lobteaetion 1 Where do yoa commenee le 
nbliaet 1 Ezplam the method of mihtracting when the figure ia the M^ahend es- 
weda ^ eonespondin; figure of the minneDd. 

EXAMPLES. 

4. From 34678 subtract 13787. 

OPERATION. 

34678 
13787 

20891 difference. 



(5.) 

789347 
120305 

669042 di^rence. 



(6.) 
10345678937 
902134124 

9443544813 di^reooe. 



PROOF OP SUBTRACTION. 



13* If the operatior is rightly performed, the diflfernoct 
idded to the subtraheni must equal the minuend. 



(7.) 
78543 
23056 

OifEerences. 55487 



Proofs. 78543 



(8.) 
612045 
137891 

474154 

612045 



(9.) 

9345678201 

3279609167 



2796P9 



6066069034 
9345678201 
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34 ELEMENTARY ARITHMETIC. 

10. From seven million three hundred and sbcty-iSve 
thousand, two hundred and thirty-nine, take. three hundred 
and forty-two thousand and thirteen. 

Ans. 7023226. 
.1. From one million and eleven, subtract thirteen. 

Ans, 999998. 

12. From three hundred and sixty-five, thousand, take 
three hundred and sixty-five 

Ans. 364635. 

13. America was discovered in 1492. How many years 
from that time to the year 1844? 

Ans. 352 years. 

14. If a man receive 11345 dollars, and pay out of it 
9203 dollars, how much will he have remaining ? 

Ans. 2142 dollars. 

15. In 1842 the Onondaga Salt Springs yielded 229 1903 
bushels of salt, and in 1826 they yielded 827505 bushels. 
How many more bushels were produced in 1842 than 
in 1826? 

Ans. 1464398 bushels. 

16. In 1842 the United States shipped to England 
205154 barrels of flour, to Scotland 3830 barrels. How 
many more barrels were sent to England than to Scotland? 

Ans. 201324 barrels. 

17. Two men start together from the same place, and 
travel in the same direction ; one goes 63 miles each day, 
and the other goes 37 miles. How far apart will they be 
at the end of the first day ? 

Ans. 26 miles. 

18. George Washington was bom in the year 1732 ; he 
died in the year 1 799. To what age did he live ? 

Ans. 67 years. 
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. 19. At an election 12572 votes are taken, of which the 
fuecessful candidate received 739 1. How many votes did 
the other candidate receive ? 

Ans. 5181 votes. 

20. And what was the first one's majority? 

Ans. 2210 votes. 

21. The coinage of the United States mint for 1843 
wais in value 1 1967830 dollars, and in 1846 it was 6633965 
dollars. How much greater in value was the coinage in 
1843 than in 1846? 

Ans. 5333865 dollars. 

22. The total number of pieces coined in 1843 was 
114640582, and in 1844 it was 9051834. How many 
more pieces were coined in 1843 than in 1844? 

Ans. 105588748 pieces. 

23. In the year 1846, the value of the gold coin pro- 
duced at the mint was 4034177 dollars ; the value of the 
silver coin was 2558580 dollars ; and the copper coin was 
41208 dollars. How much greater was the value of the 
gold than the silver, and how much greater the copper? 
Also, how much did the. silver exceed the copper? 

{Grold exceeded silver by 1475597 dollars. 
" « copper" 3992969 « 
Silver « « « 2517372 « 

24. In 1835, the number of post offices in the United 
States was 10770 ; extent of post roads 112774 miles ; in 
1845; the number of offices was 14163; and extent of 
roads 143940 miles. How many offices were added during 
these 10 years, and how many additional miles of road 
wene added? 

3413 post offices. 



' ^ 31 166 miles of road. 
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36 ELEMENTARY ARITHMETIC. 

26. In 1840 the population of New York was 2428921, 
and in 1830 it was 1913006. What was the increase 
during this 10 years ? Ans. 515915. 

QUESnONS mVOLVINO ADWTION AlfD 8UBTRAOT30If. 

1. A lets B have 60 bushels of wheat, worth 70 dollan, 
a fine horse worth 150 dollars, and 37 dollars* worth of 
butter. B in turn gives A his note for 110 dollars, and 
the rest in cash. What is the amount of cash 1 

Ans. 147 dollars. 

2. A bonows of B, at one time, 375 dollars ; at a second 
;ime he borrows 95 dollars, and at a third time he borrows 
413 dollars; he has paid him 319 dollars. How much 
does he still owe him 1 Ans. 564 dollars. 

3. A person left a fortune of 10573 dollars to be divided 
between two sons and one daughter ; the first son received 
4309 dollars, the other son had 4987 dollars. How much 
did the daughter receive ? 

Ans. 1277 dollars. 

4. Two persons are 375 miles apart ; they travel towards 
each other ; at the end of one day, one has travelled 93 
miles, and the other 57 miles. How far apart are they ? 

Ans. 225 miles. 

5. A farmer sold a span of horses for 150 dollars, a cow 
for 27 dollars, some cheese for 83 dollars, and 7 tons of 
hay for 56 dollars. He purchased 10 yards of broad- 
cloth worth 45 dollars, a cook stove for 23 dollars, and a 
pleasure carriage for 80 dollars. How much money will 
he have left? Ans. 168 dollars. 

6. In the year 1840, the coinage of the United States 
mint Wis as follows: 1675302 dollars of go2d, 1726703 
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3? 



dollaiB Gf silver, and 24627 dollars of copper. In the yeai 
1841 the gold coin amounted to 1091597, the silver to 
1132750, and the copper to 15973. How much wa^j the 
«rhole value for each year? How much greater was the 
whole coinage in 1840 than in 1841? In each year, how 
inich greater was the value of the silver than that of the 
fold a ad copper respectively? 

fin 1840 total value was $3426632. 

« 1641 « « " 2240320. 

« 1840 exceeded 1841 by ? 186312 

\ silver exceeded gold by 5 1 40 1 , 

« copper" 1702076. 

1841 ^ silver exceeded gold by 41 153. 

" copper" 1116777. 



Ans. < 



1840 



i 



MULTIPLICATION OF SIMPLE NUMBERS. 



14:« Multiplication teaches to repeat one of two numf 
beiB as many times as there are units in the other. 

The number to be repeated is called the multiplicand. 

The number denoting how many times the multiplicand' 
is to be repeated, is called the multiplier. 

Both multiplicand and multiplier are called faUors.* 

The result obtained is called the product. 

The sjrmbol for multipHcation is x ; this written be- 
nreen two numbers, indicates that they are to be mul- 
tiplied together. Thus, 3x7 denotes that 3 is to be 
Rpeated 7 times, or, which is the same thing, 7 is to be 
Rpeated 3 times 



* Firom a Latin word, meaning to mttk§; 
iprodocL 4 



I. multioUed togather the? 
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By the assistance of this symbol, we may form die 
following 



BfULTIPUCATION TABLE.* 



2x0= 


4X0= 


6x0= 


8X0= 


2X1= 2 


4X1= 4 


6X1= 6 


8X1= 8 


2X2= 4 


4X2= 8 


6x2=12 


8x2=16 


2X3= 6 


4X3=12 


6X3=18 


8x3=24 


2X4= 8 


4x4=16 


6x4=24 


8X4=32 


2x5=10 


4x5=20 


6x5=30 


8X5=40 


2X6=12 


4x6=z24 


6x6=36 


8X6=48 


2X7=14 


4X7=28 


6x7=42 


8X7=56 


2X8=16 


4x8=32 


6x8=48 


8x8=64 


2X9=18 


4x9=36 


6X9=54 


8X9=72 


3X0= 


5X0= 


7X0= 


9X0= 


3x1= 3 


5X1= 5 


7x1= 7 


9X1= 9 


3X2= 6 


5X2=10 


7X2 = 14 


9X2 = 18 


3X3= 9 


5X3=15 


7X3=21 


9x3=27 


3x4=12 


5X4=20 


7x4=28 


9x4=36 


3X5=15 


5X5=25 


7X5=35 


9X5=45 


3x6=18 


5x6=30 


7x6=42 


9x6=54 


3X7=21 


5x7=35 


7X7=49 


9x7=63 


3x8=24 


5x8=40 


7X8=56 


9X8=72 


3X9=27 


5x9=45 


7x9=63 


9X9=81 



The foregoing table should be committed to memory by 
the pupil. 



* Thif table tises no factor consisting of more than one digit. I am aware that 
many tablet of thii kind are extended as far as 13 times 13, and others as far m 91 
times 85, and even ftirther; but I see no good reason whj it should terminate at IS 
thnes 18, any more than 13 times 13. I have therefore thought it better to limit it to 
9 timee 9, this being as fltr as it can extend by using but one digit as a factor. Still I 
have no objection to pupils committing to memory the products of as large HxAan 
u tbey may widi. 
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15* The pupU must also bear in mind that the mul* 
tiplier and multiplicand may he interchanged without altering 
the product. Thus: 



4x8=8x4=32 
9x7=7x9=63 



4x6=6x4=24 
3x5=5x3=15. 



Whal doM multiplication teach 1 The namber to be repeated ii called whaftY 

fin munber denoting how many times the multiplicand ii to be repeated is called 

vImII What are the mnltiplicand aad multiplier lometimet called? The result 

■ eUakied is called what? What is the symbol for multiplieatica ? Can the multi* 

plier aad multiplicand exchange places without altering the product? 



§ 
i 

Eh 



OPERATION. 



When the multiplicsmd consists of more than one figure, 
and the multiplier has but one figure, we proceed as fol- 
lows: 

Multiply 697 by 3. 

Place the multiplier un- 
der the multiplicand, units 
onder units. First, mul- 
tiply the 7 units by the 
Smuts; we obtain 21 units, 
or 2 tens and 1 unit. Write 
&6 1 under the unit col- 
umn, and the 2 imder the 
tens' column. Next, mul- 
t^ly the 9 tens by the 3, 
ttd we have 27 tens; 
oqoal to 2 hundred and 7 



-a 
a 



Eh 

6 9 



2 
2 7 
1 8 


1 


2 9 


1 



7 multiplicand. 
3 multiplier. 

units. 

tens. 

hundreds. • 

product. 



Write the 7 tens under the tens' column, and the 
I wider the hundreds* column. Finally, multiply the 6 
inidieds by the 3 and we have 18 hundreds, which is the 
nae as 1 thousand and 8 hundreds. Write down the 8 
Qodfir the hundreds' column and cany the 1 to the thou- 
lands' place ; that is, write down the whole iS 
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We then add these partial products, and obtidn 2091 
for the total product. 

By recalling to mind (Art. 10,) that ten in the place 
of units are equal to one in the place of tens, ten in the 
tens* place are equal to one in wne Hundreds' place, Ac. 
we may perform the above multiplication as follows : 



OPERATION. 

697 multiplicand, 
3 multiplier. 

2091 product. 



First, multiplying 7 of the mul- 
tiplicand by 3 the multiplier, we 
obtain 21 units, which are the 
same as 2 tens and 1 unit. Hence 
we write down the 1 under the 
units' column, and reserve the 2 to 
carry to the tens'. Next, multiplying the 9 by 3, we find 
27 tens, to which, adding the 2 tens reserved, we have 29 
tens, which are equal to 2 hundreds and 9 tens. Write 
down the 9 under the tens* column, and reserve the 2 to 
carry to the hundreds. Finally, multiplying the 6 by 3, we 
have 18 hundreds ; to which add the2 himdreds reserved, 
and we have 20 hundreds, the whole of which we write 
down, obtaining 2093 for the product. 

Again, let it be required to multiply 367 by 84. Here 
the multipHer consists of more than one figure. 

Place the multiplier under the 
multiplicand, units under units, 
and tens under tens. 

Multiplying first by the 4 
units, we find 1468 for the 
product. We are next to mul- 
tiply by the 8 tens. Now, it is 
obvious that 1 imit, taken ten 
limes, that is, multiplied by 1 



OPERATION. 

367 multiplicand 
84 multiplier. 

1468 
2936 

30828 prodoot 
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ten, must produce 10 units or 1 ten. So 7 units, (as in the 
example,) multiplied by 8 tens, must produce 56 tens, oi 
S hundreds and 6 tens. Therefore, set the first figure, 6 
of this second product under the tens' column and reserve 
the 5 to carry to the hundreds. The next step is the mul- 
tiplication of tens by tens, which must produce hundreds, 
since 1 ten, taken 1 ten times, is equal to 1 hundred. There- 
fore 8 tens times 6 tens are 48 hundreds ; to which add the 
5 hundreds reserved, and we obtain 53 hundreds ; equal to 5 
thousands and 3 hundreds. Place the 3 imder the hun* 
dreds' column, and carry the 5 to the next column, and so 
proceed throughout. The sum of these partial products 
will give the total product, 30828. 

If the multiplier consists of tfiree figures, its left-hand 
or hundreds figure, multiplied into the imits of the multi- 
plicand, will give hundreds for the first figure of the 
product, which must of course be set down under the 
hundreds' column ; hundreds and tens, multiplied together, 
vill give thousands; hundreds and hundreds multiplied 
together will give ten thousands, &c. 

If the multiplier consists of four figures, its left-hand or 
thousands* figure multipUed into units, will give thousands 
for the first figure of the product, which must be set dow n 
under the thousands' column. Thousands multiplied into 
(Bot, gives tens of thousands ; into hundreds, gives nun- 
diedi of thousands ; and so on. 

It would be necessary to annex ciphers to the figure^j 
in these several products, to show their true places, if these 
{daces were not determined by the position of the figures 
with relation to other figures, whose places are known. 

IS If we again take the first example, which is to 
4* 
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42 ELEMBNTARY ARITHMETIC. 

multiply 697 by 3, we remark that since 697 is to be ro* 
peated 3 times, it may be done by writing it down 3 timcs^ 
and then adding, thus : 

697 

697 
697 

2091 

And it is obvious that all questions of multiplication may 
be performed by addition. 

Hence, multiplication is sometimes defined as being a con- 
cise way of performing se^ral additions, 

NoTB. — When a zero or oceun in the multiplier, we may observe that its pr> 
duet must remain 0, since nothing repeated any number of times is still nothing. 



PROOF OP MULTIPLICATION. 

17. If we interchange the multiplier and multiplicand, 
and then multiply, we shall obtain the same product if the 
work is right. (See Art. \S.) 

As in addition, these two results may be alike, and still 
the work may be wrong, since mistakes may occur in both 
operations. As good proof as any, is to carefully repeat 
the multiplication. 

When is multiplied by any number, what is the result 7 How is muHiplioatioo 
•DDWdmes defined. How may multiplication be proved? Is this method infallibbl 
Why not 1 What is as good proof as any other 1 

CASE L 

18* When the multiplier consists of only one figure. 
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Rom what has already been done, we deduce this 

RULE. 

Pktce the multiplier under the unit figure of the tnuitu 
fiieand. Draw a horizontal line underneath. 

Then multiply each figure of tkb multiplicand by the muh 
t^ier^ observing to carry one for every ten^ as in addition. 

When the multiplier consists ot but one figure, how do you proceed 7 What rail 
ii TOO ofasenre in carrying 1 

EXAMPLES. 



1234 
2 


(2.) 
234156 
3 


(3.) 
612378 
4 


2468 


• 702468 


2449512 


(4.) . 
897654 
5 


(5.y 

1003456 
6 


(6.) 
205670678 

7 


4488270 


6020736 


1439694746 


(7.)- 
6531023456 

8 


(8.) 
891030756078 
9 


52248187648 8019276804702 




CASE 11 





19, When the multiplier consists of more than i 
figure 
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RULE 

7. Place the multiplier under the tmiltiplicafidj so thai 
units may stand under unitSj tens under tens, hundreds 
under hundreds, Sfc, 

IL Multiply successively hy each figure of the multiplier^ 
as in Case /., observing to place the right-hand figure of etuh 
partial product directly under the figure multiplied by, 

IlL Then add together these partial products, and the 
sum will be the total product sought. 

When the multiplier consists of more than one figure, how do you write itY Uoir 
do you then multiply 1 How do you add up 7 



EXAMPLES. 



(1.) 

23474 
23 

70422 
46948 

539902 



(2.) 
4567031 
147 

31969217 
18268124 
4567031 

671353557 



(3.) 
4005604 
123 

12016812 
8011208 
4005604 

492689292 



4. Multiply 12345 by 12. Ans. 14814a 

5. Multiply 23456 by 11. Ans. 258016. 

6. Multiply 34567 by 13. Ans. 449371. 

7. Multiply 780056 by 21. Ans. 16381176. 
a Multiply 6503456 by 234 Ans. 1521808704. 
9. Multiply 3471032 by 70056. Ans. 243166617792. 

10. M-iltiply 1240578 by 302014. 

Ans. 374671924092 
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11: Multiply 235678 by V53465. 

Ans. 17757512^70. 
12. Multiply 98610275 by 35789. 

s. 

) -> 

CASE m. 



Ans. 3529163131975. 



2©. When the multiplier, or multiplicand, or both, 
have one or more ciphers at the right. 

We know from what has been said, (Art. 41,) that 
multiplying by 10 is the same as annexing a cipher to the 
right of the figure or sum to be multiplied ; multiplying by 
100 is the same as annexing two ciphers to the right of 
the figure or simi to be multiplied, &c. 

Hence we deduce this 

RULE. 

Multiply by the significant jigures^{as in Case II,) and to 
the product annex as many ciphers as there are in both mul- 
tiplier and multiplicand. 

WImd there are ciphen at the right of the multiplier, or multiplicacd, or both, bow 
iiyoa proceed? 

EXAMPLES. 

1. Multiply 365 by 10. Ans. 3650. 

2. Multiply 12040 by 100. Ans. 1204000. 
3 Multiply 204500 by 3000. Ans. 613500000. 
4. Multiply 7003000 by 240000. 

Ans. 1680720000000. 
& Multiply 307210000 by 3780000. 

Ans. 1161253800000000. 
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t 
, CASE IV. 

91 • When the multiplier is a composite number. 

A composite number is one which may be produeed by 
multiplying two or more numbers together. Thus : 35 is 
a composite number, which may be produced by multiply^ 
ing 5 and 7 together. 

The 5 and 7 are called the factors or component parts 
of 35. 

The factors of 12, are 3 and 4, or 2 and 6. 

Suppose we wish to multiply 48 by 35. 

If we first multiply 48 by 5, we find 240 for the pro- 
duct ; if now we multiply this product by 7, we obtain 
1680, which is evidently the same as 35 times 48. 

Hence we infer this _ 

RULE. 

Multiply the sum given hy one of the factors^ and this 
product hy another factor^ and so on^ until all the factors ars 
used. The last product will he the one sought. 

EXAMPLES. 

1. Multiply 365 by 28. 

The factors of 28 are 4 and 7. Hence we have this 

OPERATION. 

365 

4 one of the component porta 



1460 

7 the other component part 



10220 Ans. 
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\ 2. Multiply 374 by 24 = 4 X 6 = 3 X 8 :r- 2 X 12 =r 
2X3^4. 

rXRST OPERATION. SECOZ«D OPERATION. 

374 374 

4 1st component part. 3 1st component part 



*496 1122 

6 2d component part. 8 2d component part 

Ams. 8976 Ans. 8976 



IHIRD OPERATION. FOURTH OPERATION. 

374 374 

2 1st component part 2 ^ st component part. 

748 748 

12 2d component part. 3 2d component part. 

1496 2244 

748 4 3d component part. 

Ans. 8976 Ans. 8976 



Prom the above examples, we see that it makes no dif- 
ference how we resolve the multiplier into factors, provided 
we multiply in succession by all the factors 

Wbaft it a eimipMito number) What are the component parts 1 Hoyr do yon 
when the multiplier it a composite nmmberl Does it make any diSeienoe 
part we first multiply by) 



8. Multiply 345678 by36=6x6 = 4x9 = 3xl2 = 
8x3x4. Ans. 12444408. 
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4. Multiply 1002456 by 72 = 8x9 = 2x3x3x4 
= 2x2x2x3x3. Ans. 72176832. 

5. Multiply 7540102 by 84 = 7x 12 = 3x4x7 = 2 
X 2 X 3 X 7. Ans. 633368568. 



E3CERCISES IN MULTIPLICATION. 

1. Suppose I buy 15 loads of bricks, each load contain 
ing 1250 bricks, how many bricks have I ? 

Ans. 18750 bricks. 

2. In an orchard there are 107 apple-trees, each produ 
cing 19 bushels of apples. How many bushels does the 
whole orchard yield 1 Ans. 2033 bushels. 

3. If a person travel 17 days at the rate of 37 miles 
each day, how many miles will he travel in all ? 

Ans. 629 miles. 

4. If a person buy 175 barrels of salt, each weighing 
304 pounds, how many pounds in all will he have ? 

Ans. 53200 pounds. 
6. Suppose I purchase the following bill of merchandise: 
3 Firkins of butter, each 15 dollars. 
7 Hogsheads of molasses, each 23 dollars. 
12 Bags of coffee, each 1 1 dollars. 
6 Boxes of raisins, each 2 dollars. 
3 Boxes of lemons, each 5 dollars. 
How many dollars must I give for the whole? 

Ans. 363 dollars. 
6. How many dollars will the following bill of goods 
amount to ? 
62 Yards of black broadcloth, at 4 dollars per yard. 
40 Yards of Brussels carpeting, at 2 dollars per yard. 
2 Sofas, each 56 dollars. 
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9 Mahogany chairs, each 5 dollars. 
5 French bedsteads, each 7 dollars. 

Ans. 480 dollars. 

7. If the railroad extending between Albany and Buf- 
falo, a distance of 326 miles, cost 25o49 dollars per mile, 
wha* was the cFtire cost ? Ans. 8361574 dollars. 

8. How many bushels of potatoes may be produced 
bam 13 acres of land, if each acre produces 212 bushels? 

Ans. 2756 bushels. 

9. How much must be paid for constructing 18 miles of 
plank-road, at 421 1 dollars per mile? Ans. 75798 dollar^^^ 

^TO. How much will 543 cords of wood cost, at 5 dolleirs 
per cord? An j. 2715 dollars. 

11. In one year there are 8766 hours, how many hours 
in 1848 years ? Ans. 16199568 hours. 

*In one cubic foot there are 1728 cubic inches, how '} 
ny cubio inches in 17 cords of wood, each cord con- ' 
aing 128 cubic feet? Ans. 3760128 cubic inches. 
13. What will 13 square miles of land cost, at 17 dol- 
[laiB per acre, there being '640 acres in one mile ? 

Ans. 141440 dollars. 
14 How many miles will a steam locomotive pass in 
7 days of 24 hours each, if it move at the rate of 45 miles 
each hour f Ans. 7560 miles^ 

X^ni the earth move in its orbit 68000 miles per hour, 
bum far will it move in 365 days of 24 houra each ? 
\/ Ans. 595680000 miles.' 

16. If one mile of railroad require 1 16 tons of iron, worth 
fi3 dollars per ton, what wiU be the cost of sufficient iron 
U> instruct a road of 78 miles in length ? 

Ans. 479544 dollars. 

17. In an orchard of 105 apple trees the average pro 

5 
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duce of each tree is 7 barrels of fruit, worth 3 dollars pel 
barrel. What was the income of the orchard ? 

Ans. 2205 dollare. 



DIVISION OF SIMPLE NUMBERS. 

$I3« Division teaches the method of finding how manjr 
times one number is contained in another. 

The number to be divided is called the dividend. 

The number by which we divide is called the divisor. 

The number of times which the dividend contains the 
diyisor is called the quotient. 

Besides these three parts there is sometimes a remain' 
der, which is of the same name as the dividend, since it is 
a part of it. 

The sign usually employed to indicate division is h- . 
Thus, 12 — 3, denotes that 12 is to be divided by 3. 

By using this sign we may form the following 

DIVISION TABLE. 



2-r2 = l, 


34-3=1 


44-4=1 


54-5=1 


44-2=2 


64-3=2 


84-4=2 


104-5=2 


6-r-2 = 3 


94-3=3 


124-4=3 


154-5=3 


8^2=4- 


124-3=4 


164-4=4 


204-5=4 


10-f-2=r5 


154-3=5 


204-4=5 


254-5=5 


124-2=6 


184-3=6 


244-4=6 


304-5=6 


14h-2=7 


214-3=7 


284-4=7 


354-5=7 


164-2=8 


244-3=8 


324-4=8 


40-5=8 


184-2=9 


274.3=9 


364-4=9 


454-5=9 
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DIVISION TABLE.'-iContinued.y 



6h-6 = 1 


74-7=1 


8^8=1 


9-r.9 = l 


12h-6=2 


14h-7=2 


16-8=2 


18-T-9=2 


18-=-6=3 


21-T-7=3 


24^8=3 


27^9=3 


24^6=4 


28-r-7=4 


32-5-8=4 


36-4-9=4 


30-=-6=5 


35^7=5 


40^8=5 


45^9=5 


36—6=6 


42-f-7=6 


48^8=6 


54-4-9=6 


42h-6=7 


49^7=7 


56h-8=7 


63-r9=7 


48^6=8 


56-T-7=8 


64r-8=8 


72-^9=8 


54—6=9 


63-r-7=9 


72-f-8=9 


81^9=9 



Division may also be represented by placing the 
divisor under the dividend, with a short horizontal line be 
iween them ; thus, -^ denotes that 10 is to be divided by 2. 
In the same way we have 

-1^=12-4-2; -yi=13-f-3; V^=17-^5; Y=53-4-7. 
This method is employed, when in division there is a 
lemainder, to express accurately the value of the quo- 
tient. 

What does diYision te&di 1 What ii the number to be divided called % What it 
liM nninb«r by which we divide called 1 What is the number of '.imes which the 
IMdend contains the divisor called 1 There is sometimes another part, what is it 1 
Of what name is the remainder 1 What is the symbd of division 7 By what othai 
1 is division denoted 1 



When the divisor consists of only one figure, we proceed 
•f follows : 

Divide 973 by 7. 

Having placed the divisor at the 
kft of the dividend, keeping them 
•eperate by means of a curved line, 
w$ iraw a straight horizontal line 
laiemeath. 



OPERATION. 



7)973 
139 quotient. 
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We then saj, 7 is contained in 9, 1 time and 2 n> 
mainder; we write the 1 underneath. As the 9 occupies 
the hundreds* place, the 2 remainder must be 2 hundreds. 
The next figure, 7, to be divided, is tens, to which we add 
the 2 hundreds, or 20 tens, making 27 tens ; which result 
is obtained by prefixing the 2 to the 7. Next, we see how 
many times 7 is contained in 27, which is 3 times and 6 
remainder ; we place the 3 for the next figure of the 
quotient, and conceive the 6 to be prefixed to the next 
figure of the dividend, making 63 ; which is the same as 
adding 6 tens or 60 units to the 3 units. Finally, we find 

7 is contained in 63, 9 times. 

Thus 7 is contained 139 times in 973. Hence, 139 
repeated 7 times must equal 973. 

584. Suppose we wish to know how many times 8 is 
contained in 32. We might proceed as follows : since 32 
is greater Ihan 8, we know that 8 is contained in it, at 
least jnce ; therefore, subtracting 8 from 32, we find 24 for 
I remainder. Again, we know thalf 8 is contained at least 
once in 24 ; therefore, subtracting 8 from 24, we have 16, 
from which, subtracting 8, we have left 8 ; finally, from 

8 subtracting 8, we have no remainder. Hence, we per- 
ceive that 8 has been subtracted 4 times from 32, that 
is, 8 is contained just four times in 32. It is obvious that 
by continued subtractions any operation in division may 
be performed. 

For this reason division is said to be a concise way 6fper' 
forming several subtractions. 

CASE I. 

25. Short Division is the method of operation TUfheR 
the divispr consists of only one figure. 
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Ftorjk the preceding operation we infer the following 

RULE. 

/. Place the divisor at the left of the dividend^ keeping 
them separate by a curved line, and djaw a straight line 
underneath the dividend, 

IL Seek how many times the divisor is contained m the 
left-hand figure or figures of the dividend^ and place the 
result directly beneath, for the first figure of the quotient. 

Ill, If there is no remainder, divide the next figure of the 
dividend for the next figure of the quotient. But when there 
is a remainder, conceive it to be prefixed to the next succeed- 
ing figure of the dividend before making the next division. 
If a figure of the dividend^ which is required to be divided, 
is less than the divisor, we must write in the quctient, and 
consider that figure as a remainder » 

Divinon b taid to be a concise way of perfonning what % What ii Short Diyiiion 1 
layeat the rule. 

EXABQ^LES. 

1. Divide 2345675 by 8. 

OPERATION. 

Divisor 8)2345675 dividend. 
Quotient 293209 with 3 remainder. 



SO* When there is a remainder, we may place it over 
the £vi8or, witb^ short horizontal line between them, thus 

5* 
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indicating that this remainder is still to be divided by th« 
divisor, agreeably to Art. S3* 



2. Divide 12456789 by 4. 

3. Divide 78900346 by 7. 

4 Djjflie 131305678 by 6.^ 
5. Divide 357020348 by 3.' 



^n^.-3114l97i. 
Ans. 11271478. 

Arts, 21884279^ ^ 

Anj. 1190067821. 



CASE n. 

37. Long Division is the method of operation when 
the divisor consists of more than one figure. 

EXAMFLE& 

1. Divide 4703598 by 354. 

It requires 3 figures, 
470, of the dividend to 
contain the divisor 354. 
This is contained once in 
470; we place the 1 at 
the right of the dividend 
for the first figure of the 
quotient, keeping it sep- 
arate from the dividend 
by a curved line. Mul- 
tiplying the divisor by 
this quotient figure, and 
subtracting the product 
from 470, we have 116 for a remainder, to Which "Wo 
annex the next figure, 3, of the dividend, thus forming the 
number 1 163. We now seek how many times the divisor 
is contained in 1 163, which is 3 times. We place the 3 for 
a second figure of the quotient. Multiplying the divisor 

Digitized by Google 



OPERATION. 
Divisor. Dividknd. dnonsirr 

354)4703598(13287 
354 first product. 

1062 second product, 

1015 
708 t hird product. 

3079 

2832 f ourth product 

2478 

2478 fifth product 
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by this second figure, and subtracting the product from 
1163, we find 101 for a second remainder ; to which an- 
nexing 5, the next figure of the dividend, we have 1015. 
Thus we proceed till all the figures of the dividend have 
been brought down. 
Prom the above work we readily deduce the following 

RULE 

/. Place the divisor at the left of the dividtndj keeping 
them separate by a curved line, 

II. Seek how many times the divisor is contained in the 
fewest figures of the dividend that will contain it ; set the 
figure expressing the number of times at the right of the 
dividend for the frst figure of the quotient, keepiiig dividend 
and quotient separate by means of a curved line, 

III. Multiply the divisor by this quotient figure^ and sub' 
tract the product from those figures of the dividend used, and 
to the remainder annex the next figure of the dividend; then 
find how many times the divisor is contained in this new 
numher, and write the result in the quotient. 

IV. Again, multiply tlie divisor by this last quotient 
figure, and subtract the product from the last number which 
was divided, and to the remainder annex the next figure of 
the dividend. Thus continue the operation until all tlte 
figures of the dividend have been brought down. 

Kbtb 1. — Having brought down a new figure, if the number 
Ihos fiiinned be less than the divisor, it will contain it times; we 
tfievefoie write in the quotient, and bring down another figure. 

HoTB 2. — If in multiplying the divisor by any quotient figure we 
fUtJSi a product which exceeds the number we sought to divide, 
«t|Bnst make the quotient figure smaller. 

IferE 3. — If a remainder should be found larger than the divisoi^ 
4i quotient figure must be taken larger. 

Digitized by Google 



56 ELEMENTARY ARITHMETIC. 

S88. If, now, taking the preceding example, we mul 
lipljr the divisor by the quotient, we shall have this 



OPERATION. 
354 

13287 

2478 first product. 
2832 second product, 
708 third product. 

i062 fourth product. 

354 fifth product. 


4703598 





Here we discover that the products obtained by this 
multiplication, are the same as those obtained in the oper- 
ation of division, only they occur in a reverse order. In 
the operation of division, each succeeding product is placed 
one figure farther towards the right, while in the operation 
of multiplication, each succeeding product is placed one 
figure farther towards the left. Hence the sum of the 
products in the case of division, must be the same as the 
sum in the case of multiplication. In the operation of di- 
vision, by the above rule, these products are successively 
subtracted from the corresponding parts of t':)e dividend, 
until the whole is exhausted. Now we have just shown 
by the operation of multiplication, that the sum of these 
products, taken in the order in which they stand, is equal 
to the dividend. Therefore the above rule for Long DimsUm 
must be correct. 

PROOF. 

From what has been said, we also infer that this method 
of long division proves itself as we proceed with the work. 
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since we have only to add the successive products, and 
the remainder, if any, to obtain the dividend. 

What n Long Division 1 How do you place the numbers'? Repeat the rule. If 
after having brought doMm a new figure, the result is less than the divisor, how do yoa 
pioeeedl When the partial product is greater than the number which was sapposei 
to eimtaiii the divisor, how do you do t When the remainder is greater than the dl- 
«i>or, how do you proceed? Explain the method of proof 

S. Divide 175678 by 223. 



OPERATION. 

223) 175678 (787 

1561 first product. 

1957 

1784 second product. 

1738 

1561 third product 

177 remainder. 

If we take the sum of the successive products and the 
femainder, adding them as they now stand in the above 
▼ork, we shall obtain 1 75678 ; which, agreeing with the 
dividend, proves the accuracy of the division. This method 
of proving division is perhaps as simple and brief as any 
m^od which can be devised. 

The common method of proving Division, and one which 
b aj^dicable to Short Division as well as to Long Division, 
IB to SHlltiply the divisor and quotient together, and to add 
in tke remainder, if any. 

i Divide 7892343 by 139. Ans. 56779 M- 

■ 4 Divide 177575124270 by 753465. Ans, 235678. 
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5. Divide 34789205 by 64534. Ans. 639«fift%. 

6. Divide 123456789 bj 789. Ans, 156472fH. 

7. Divide 5763447 bj 678509. Ans. 8|fHH. 

8. Divide 1521808704 by 6503456. Ans, 234. 

9. Divide 243166625648 by 3471032.. 

Ans, 70056 with 7856 remainder. 

10. Divide 166168212890625 by 12890625.* 

Ans. 12890625. 

11. Divide 11963109376 by 109376. Ans, 109376, 

CASE m. 

39. When the divisor is a composite number. 

We have seen (Akt. J81,) that, in multiplication, when 
the muhiplier is a composite number, the product may be 
found by multiplying by the factors successively. 

Now, as division is the reverse process of multiplication, 
it is plain that when the divisor is a composite number, 
the quotient may be found by dividing by the factors 
successively. 

Divide 944 by 105=3x5x7. 



OPERATION. 

1st factor 3 )944 
2d factor 5 )314 2=lstwm. 
3d factor 7)62 4=:2d rem 
quotient 8 6=3d rem. 



In this division, we 
find the different re- 
mainders in succession. 

Let us now seek the 
true remainder, or that 
remainder which would 
have been found, had 
we at once divided the 944 by 105. 

Since each unit of the 62 is 5 times as great as eacb 



* This question and its succeeding one are worthy of notice, since the termlMil 
ffuree of the dividend, divisor, and quotient, are thtfsame. 
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anit of 314, it follows, that each unit of the 3d remainder 
6, which is a part of 62, is also 5 times as great as each 
unit of 314. Hence the remainder 6 is the same as 5 
times 6, or 30, imits of the same kind as those of 314 ; but 
tae 2d remainder 4, being a part of 314, and of the same 
order, should be added to 30, making 34, for the true 
lemainder arising from dividing 314 by 35 or 6x7. 
Again^ since each unit of 314 is 3 times as great as each 
unit of 944, it follows, that each unit of the 34 is also 3 
times as great as each unit of 944. Hence the remainder 
34 is the same as 3 times 34=102 units of the same 
Jdnd as 944 ; but the 1st remainder, 2, being a part of 944, 
is of the same order; so that 102+2=104, is the true 
remainder required. 

From the foregoing operation and reasoning, we deduce 
the followijig 

RULE 

Divide the given sum by one of the factors of the divisor^ 
and that quotient by another factor^ and so on, until all the 
factors have been used. The last quotient will be the quo- 
tient sought. It makes no difference in what order the fac- 
tors are used. 

To obtain the true remainder, we must observe the fol- 
towing 

RULE. 

Multiply the last remainder by the divisor preceding thf 
kst^ and add in the preceding remainder ; multiply this suin 
fjf the next preceding divisor^ and add in the next preceding 
remainder ; so continue this reverse process until you hav$ 
m&kiplied by all the diyjsors except the last. 
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How do yoa pf oceed when the dirima it a eompotite number 1 Poet it mak* as) 
differenee whieh factor we fint divide by 1 When there aie MYeral i 
explain bow the trae remainder is obtained 



EXAMPLES. 



1. Divide 839 by 120. 

We will resolve 120 into 
the three factors, 4x5x6= 
1 20. Now, proceding agree- 
ably to the rule, we have 
the annexed operation. 



OPERATION. 

4)839 

5 )209 3 =first rem. 

6)41 4= second rem 

6 5=ithird rem. 



Now, to obtain the true remainder, we have this 



OPERATION. 



r^ .a 

•J ^ 

© bo 

4 I 



•p 


g 


•-3 


£ 


ho 


biO 


1 


.a 









(U 




M 


P4 


P* 


■«-» 


.«^ 


M 


X 


S 


S 


a 


d 






5x5+4=29. Again, 29x4+3= 119. 

Had there been more than three factors, the operation 
would have been equally simple, but a little more lengthy. 

2. Divide 8217 by 35=5 X 7. Ans. 234 with 27 renk 

3. Divide 33678 by 15=3x5. An^. 2245 with 3 renu 

4. Divide 9591 by 72=8x9. Ans. 133 with 15 rem. 

5. Divide 10859 by 49=7 X 7. Ans, 221 with 30 rem. 
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CASE IV. 



OPERATION. 

210) 24715 

123 15 remainder. 



SO. When the divisor ends with one or more ciphers. 

We have seen (Art. 4,) that a number is multiplied 
by 10 by annexing a cipher ; if- is multiplied by 100 by 
annexing two ciphers; by 1000 by annexing three ciphers, 
Ac. Conversely, a number is divided by 10 by cutting ofl 
ene figure from the right ; it is divided by 100 by cutting 
off two figures from the right, &c. 

1. Divide 2475 by 20. 

Having cut off the 5 from 
the right of the dividend, and 
the from the right of the 
divisor, which is, in effect, 
^viding both dividend and 
divisor by 10, we proceed to divide 247 by 2, (Art. 9S.) 
We obtain 123 for a quotient and 1 for a remainder. 
This remainder is 1 ten, since it is a part of the 7 of the 
dividend which occupies the ten's place; annexing the 
5 units, which was cut off, to the 1 ten which re- 
mained, we have 1 ten and 5 units, or 15 for the true 
lemainder. 

Note. This case may be comprised mider Case III., Art. 29. 
Tkns, taking the preceding example, the divisor 20=2x10. 
IKvidIng 2475 first by 10, which division is effected by cutting 
offtbe right-hand figure, 5, we have 247 for the first quotient, ano 
Sfo the first remainder. Next, dividing 247 by 2, we fmd 123 foi 
fte quotient sought, and 1 for the second remainder. 

Nfiw, by the rule under the case referred to, we find the true re- 
mainder to be 1 X 10+5=15. 
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37100)45678194(1234 

86 
74_ 

127 
111 

"168 
148 



2 Divide 4567894 by 3700. operation. 

If. in this second example, we 
regard the divisor 3700 as a 
composite nmnber, whose fac- 
tors are 100 x 37=3700, the ex- 
ample will also properly come 
under Casi^'III; according to 
which, the 94 cut off from the 
right of the dividend is to be 

considered the first remainder^ 2094= rem 

and the 20 is the last remainder. 
Hence, the true remainder is 20 x 100+94=2094. 

From the above operations we deduce this 

RULE. 
Cut off from the right of the dividend as many figures <u 
there are ciphers at the right of the divisor ; divide whcu 
remains hy the divisor without the ciphers at its right. To 
the final remainder annex the figures cut off from the divi- 
dendjfor the true remainder. 

Bow do 700 proceed when there ore cipher* at the right of the diviior 1 

3. Divide 7123545 by 421000. Ans. 16 and 387545 rem 
4 Divide 1212121212 by 42000. 

Ans. 28860 and 1212 rem. 

5. Divide 123456789 by 12300. Ans, 10037 and 1689rem. 

6. Three men are to share equally in the sum of 1236. 
dollars. How many dollars will each have ? Ans, 412 dolla 

7. Divide 1245 acres of land equally between five 
brothers. Ans, Each has 249 acres. 

8. It is about 95000000 miles from tiere to the sun 
Now, admitting that it requires 8 minutes for light to pass 
from the sun to the earth, how many miles does it pass in 
one minute? Ans. 11875000 miles 
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9. Allowing 22 bricks to be- suflGicient to make one 
cul»c foot of masonry, how many cubic feet are there in 
a work which requires 100000 bricks ? 

Atis. 4545 cubic feet and 10 brick remaining 

10. The circumference of the earth is about 25000 miles. 
How long would it require for a person to travel around it, 
if he could pass uninterruptedly at the rate of 200 miles 
per day? Ans, 125 days. 

1 1 . In 1845. the extent of post-roads in the United States 
was 143940 miles, and the amount paid for the transport- 
ation of the mail during the same year was 2905504 dol- 
lars. How much was the average expense per mile ? 

Ans, Between 20 and 21 dollars. 

12. The distance of Uranus from the sun is about 
1860624000 miles. How many hours would it require to 
pass this distance at 18 miles per hour? Also, how many 
days, and how many years, counting 24 hours to the day. 
and 365 days to the year? 

fit would require 103368000 hours. 
Ans A " " " 4307000 days. 

L« « " 11800 years. 

13. How many banels of apples, at 3 dollars per barrel, 
can I buy for 2568 dollars? And if one tree produce 8 
banels, how many trees will be required to yield the re- 
quired amount? ^^^ (856 barrels. 

' n07 trees. 

31. QUESTIONS mVOLVINQ THE FOUR GROUND RULES. 

1. A person owes to one man 375 dollars, to another he 
©wes 708 dollars, to a third man he owes 91 1 dollars. -How 
much does he owe to the three men ? Ans. 1994 dollars. 

/ r '„ -*-^ 
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2 A fanner has sheep in five fields ; in the first, he haa 
917 ; in the second, 249 ; in the third, 413 ; in the fourth, 
1000 ; and in the fifth, he has 197. How many sheep hiui 
he in the ^ve fields ? Ans, 2776 sheep. 

3. A person owes to one man 802 dollars, to anotlm 
man he owes 707 dollars, and has owing to him 2000 dc« 
lars. How much will remain after paying his debts ? 

Ans, 991 dollawL • 

4. A farmer receives for his wheat 103 dollars, for Uia 
com 60 dollars, for his butter 511 dollars, for his chie^e 
1212 dollars, for his pork 601 dollars. He pays towards 
a new farm 1000 dollars, for a new wagon 50 dollars, for 
hired help on his farm 290 dollars, for repairing house i73 
dollars. How much money has he remaining ? 

. Ans. 974 dollars. 

5. A person wills 1200 dollars to his wife, 300 doUaii 
for charitable purposes, and what remains is to be equally 
divided among 6 children. Allowing his property to 
amount to 8562 dollars, how much would each child have ? 

Ans. 1177 dollars. 

6. A man gave 13558 c oUars for a farm ; he then sold 73 
acres, at 75 dollars per acre ; the remainder stood him in 
at 59 dollars per acre. How many acres did he purchase? 

Ans. 210 acres. 

7. Four boys divide 336 apples as follows: the first 
takes one sixth of the whole ; the second takes one fourth 
of what was left ; the third takes one half of what wca 
then left ; the fourth has the remainder. What number 

r The first had 56. 
The second had 70. 



of apples did each boy have ? 
Ans. 



The third had 105. 
LThe fourth had 105. 
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8. An estate of 8100 dollars was divided among 9 chil- 
iiea in the following way: the first had 100 dollars and 
mie tenth of the remainder ; after this the second had 200 
dollars and one tenth of the residue ; again, the third had 
SOC dollars and one tenth of the remainder, and so on ; 
•ach succeeding child had 100 dollars more than the one 
immediately preceding, and then one tenth of what still 
remained. What was the share of each 1 

. i They shared equal ; each 
^^* I had 900 dollars. 

9. A and B each owe C: A owes 1472 dollars, which 
is less than what B owes him, and yet the difference be- 
tween A's and B's debts is 719 dollars. How much does 
Bowe C? Ans, 2191 dollars. 

10. Admitting the earth to move 68000 miles per hour, 
how far will it move in one day ; and how far in a year 
rf 365 days ? ^^ ( 1632000 miles in one day. 

* ( 595680000 miles in one year. 

11. If the President of the United States expends daily 
60 dollars, how much will he be able to save at the end 
ef the 365, out of his salary of 25000 dollars ? 

^71^. 3100 dollars. 

12. An army, consisting of 4525 men, have 103075 
kMLves of bread. At the end of 2 1 days, 500 men are killed 
m a battle Now, if each man in each day eat one loaf 
of bread, how many days after the battle will the bread 
iOBtain the army ? Ans. 2 days. 

1^. Two locomotives start from the same place, and 
move in the same direction ; the £rst goes 25 miles each 
iiour, the second only 15 miles. After th<s first has passed 
ft distance of 100 miles it commences a backward motion, 
BMuntaining the same velocity, until it meets the second 
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locomotive. How many hours after starting will tbey 
meet ? And at what distance will they meet from the 
Btarting point 1 a ^ They will meet in 5 hours^ 

( at a distance of 75 miles. 
14. One hundred miles of railroad track are to be laid 
with heavy rail, requiring 116 tons to the mile. Afte» 
receiving iron at 52 dollars per ton to lay 68 miles, th« 
price per ton was increased so as to make the whole oost 
of the entire road 612944 dollars. What was the latter 
price per ton of the iron? Ans. 54 doUais. 



FRACTIONS. 



33. A fraction is a part of a unit. 

Several methods are used to express fractions or parts 
of units, which give rise to several distinct kinds of frac- 
tions. Those usually employed in arithmetic are Vulgab 
or Common Fractions, and Decimal Fractions. 

What U a fraction 1 What two methodi are uiually employed to expreti fractions 1 



VULGAR FRACTIONS. 



33 » Vulgar fractions consist of two distinct parts or 
terms, the one written above the other, with a straight 
horizontal hne between them, as in division, (Art. 33* ) 
The number above the line is called the numerator. The 
number below the line is called the denominator. The 
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demunmator shows how many parts the unit is divided 
m^ ; and the numerator shows how many parts are used. 

Thus -j- is a vulgar fraction, whose numerator is 5 and 
deooininator 8 : it is read^t>e eighths. 

A vulgar fraction may be considered a concise method 
d repressing division, (Art, SS,) where the numerator 
corresponds to the dividend, and the denominator to the 
divisor. Thus -I is the same as 5 divided by 8, and it 
may therefore be read one eighth ofjixe, or, as above, Jive 
eighths of one. In the same way -f indicates that 1 is 
divided into 9 equal parts : it is read one ninth of one. 
After the same manner, 

f is read one seventh of three, or three sevenths of one. 
^ is read one fifth of four , or four fifths of one, 
ft is read one eleventh of six j or six elevenths of one. 
\ is read one ninth of eight, or eight ninths of one, 
&c. &c. &c. 

The fraction ^ denotes that 5 is to be divided by 7. 
« j^ « 13 

" ^ « 17 

" A « 3 

« i " 1 

« i " 1 

a ^ a 1 

« ^ a 2 

&0. &c. &c. 

Wiien the numerator is equal to the denominator, the 
9||I|M of the fraction is a unit. 

^IKhen the numerator is less than the denominator, the 
«|fa|d is less than a unit^ and the expression is called a 
pptfer fraction. 
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When the numerator is greater than the denominatoi^ 
the value is greater than a unit, and the expression is called 
an improper fraction. 

Thus, each of the expressions, -f, f, -H, -Hj <fcc., is equal 
to a unit. 

Each of the expressions, -J-, f, f, f, -f, A, &c., ia a 
f roper fraction. 

Each of the expressions, -f, J, f, -H, f, -Hrj <fcc., ie an 
improper fraction. 

When a whole number and fraction are connected, the 
expression is called a mixed number. Thus, 4-J-, S-f, 5i\, 
2ff, &c.„ are mixed numbers. The whole number is 
called the i7»^c^raZ/)<ir« of the expression, and the fraction is 
called the fractional part. 

When several fractions are connected bj the woAi of, 
the expression is called a compound fraction. The ex- 
pressions, i of f of f, f of -J of f of -H-, f of f of f of f , 
&c., are compound fractions. 

Any number may be made to assume the form of an 
improper fraction, by writing under it a unit for the de- 
nominator. Thus, 2, 3, 4, 5, 7, (fee, are the same as 

Fractions sometimes occur, in which the nmnerator, or 
denominator, or both, are themselves fractional ; such ex- 
pressions are called complex fractions. 

Thus, ~, — , —J — 51, &c., are complex fractions. 
4, 7i,3+, 9,S, 

A fraction is said to be inverted when the numeretor 
and denominator exchange places. Tlius : the fractions. 
*, i^ h ft, i, f, when inverted, become f , ■§■, f , ^, -f, f . 

What it a rulgor fraction 1 Which is the numerator of a vulgar fraction t Whiok 
th« denominator 1 What does the denominator show 1 What does the namwator 
show 1 In the vulgar fraction five eighths, which is the numerator, and which thi 
denominator 1 How is it read 1 What may a vulgar fractionHbe considered a concise 
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way of axiweMiiig 1 In a valgar fraction, which partcoireBp<mdt to the dividend, an'l 
widek to the divisor 1 What is the value of the fraction, when the numerator is equaJ 
la tte denominator 1 When is the value less than a unit 1 What is the fraction then 
called ? When is the value greater than a unit ? What is the fraction then called 1 
Give examples of proper fractions. Give examples of improper fractions. When a 
vbele number and fraction are connected, what is the expression called ? Give ez 
uaplei. When several fractions are connected by the word of, what kind of a frae* 
tioD is it then called 1 Give examples. When the numerator, or denominator, or 
both, are already fractional, what are they called 1 Give examples. When is a frac- 
titm Mid to be inverted 1 Give examples. 



BEDUCTION OF FRACTIONS. 

34* In division, the divisor , dividend and quotient are 
io related, that the product of the divisor and quotient is 
always equal to the dividend. Hence, the divisor and quo- 
tient may be interchanged ; that is, if the dividend be 
divided bj the quotient, the result will be the divisor. It 
is also obvious, that, with the same divisor, twice as great 
a dividend will give twice as great a quotient ; thrice as 
gieat a dividend will give thrice as great a quotient ; and 
in general, the effect of multiplying the dividend by any 
number is to multiply the quotient by the same number 
Oa the Other hand, if the dividend remain the same, mul- 
tq)lying the divisor by any number produces the same 
^fect as dividing the quotient by the same number. Con- 
■equently, if we multiply both dividend and divisor by th* 
same number, it will produce no change in the quotient. 

Again, it is obvious, that with the same divisor, half af 
peat a dividend will give but half as great a quotient , 
QQi-third as great a dividend will give one-third as great 
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a quotient; and in general, the effect of dividing the 
dividend by any number, is to divide the quotient by the 
same number. 'On the other hand, if the dividend remain 
the same, dividing the divisor by any number produces the 
same effect as multiplying the quotient by the same num- 
ber. Consequently, if we divide both dividend and divisoi 
by the same number, it will produce no change in the 
quotient. 

[f, now, we call to mind that the value of a fraction ii 
the quotient arising from dividing the numerator by th« 
denominator, we readily infer the following 

PROPOSITIONS. 

/. That^ muUiplying the numerator hy any number is the 
same as multiplying the value of the fraction by the same 
number. 

II. That, multiplying the denominator by any number is 
the same as dividing the value of the fraction by the same 
number. 

III. Thatj multiplying both numerator and denominator 
by any number does not alter the value of the fraction. 

IV. That, dividing the numerator by any number is the 
same as dividing the value of the fraction by the same number, 

V. That, dividing the denominator by any number is the 
same as multiplying the value of the fraction by the same 
number. 

VI. That, dividing both numet^ator and denominator bf 
the same number does not alter the value of the fraction 

GREATEST COMMON DIVISOR. 

3«i. Tne greatest common divisor of two or mora 

numbers, is the greatest number which will divide them 
Without any remainder. 
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Before proceeding to find the greatest common divisor of 
two numbers, we will show that any number .which will 
divide two numbers exactly, will also divide their difference. 

Suppose we have a common divisor of 636 and 276 ; 
this will also exactly divide 360, their difference. For, 
636 is made up of the two parts 276 and 360, so that any 
number which will exactly divide 636, will also divide 
276+360 ; if a divisor of 636 will at the same time divide 
one of its parts, 276, it will of necessity divide the other 
part, 360. Hence a common divisor of 636 and 276 is 
also a divisor of their difference, 360. 

As the divisor which is common to 636 and 276, is also 
a divisor of 360, it must be a common divisor of 360 and 
276, and consequently of 84, the difference between 360 
and 276 ; and in general, when any two numbers have a 
common divisor, and we subtract any number of times the 
smaller nmnber from the larger, the remainder will be 
exactly divisible by this common divisor. 

What, now, is the greatest common divisor of 360 and 
276. 

The greatest divisor cannot exceed the less number, 276 
Bnt 276 will not divide the other number, 360, without a 
remainder, 84. Hence, the greatest divisor of 276 and 84 
must be the greatest common divisor of 360 and 276. 
Again, dividing 276 by 84, we find 3, quotient, and 24, 
remainder. So the greatest common divisor of 84 and 24 
18 also the greatest common divisor of 276 and 84, and 
consequently of 360 and 276. Now, dividing 84 by 24, 
we find the quotient 3, and remaird- r ) 2. Finally, divi- 
ding 24 by 12, we find it is contained exactly tTjice , co 
that the greatest common divisor of 24 and 12 is 12 : con- 
sequently, 12 is the greatest common divisor of 360 and 
276. We will exhibit in one point of view the above. 
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OPERATIOIf. 



276)360(1 
276 



84)276(3 
252 



24)84(3 
72 



12)24(2 
24 



Hence, to find the greatest common divisor of two num 
bers, we deduce this 



RULE. 

Divide the greater number by the less, then the less number 
by the remainder ; thus continue to divide the last divisor by 
the last remainder, until there is no remainder. The last 
divisor will be the greatest common divisor. 

Note. — ^When there are more than two numbers whose greatest 
common divisor is required, we must find the greatest common di- 
visor of any two, and then find the greatest common divisor of thie 
divisor thus found, and one of the remaining numbers ; and thu* 
continue until all the difierent numbers have been used. 



What it the greatest common diviior of two or more nomhers ? Repeat (he role 
for finding the greatest common divisor of two numbers. How do you proceed whoa 
there are more than two numben 1 
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EXAMPLES. 

1. Find the greatest common divisor of 592 and 099 

OPERATION. 

592)999(1 
592 



407)592(1 . 

407 



185)407(2 
370 



37)185(5 
185 





From -v^-hich- we obtain 37 for the greatest commoa 
livisor of 592 and 999. 

2. What is the greatest common divisor of 492, 744, 
Ukd906? 

We first find the greatest conmion divisor of 492 and 
T44 by the following 

OPERATION. 

492)744(1 
492 



252)492(1 
252 



240)252(1 
240 



12)240(20 
240 
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Therefore, the greatest common divisor of 492 and T44 
ii 12. 

Again, proceeding with 12 and 906, we have the fol 
lowing 

OPERATION. 

12)906(75 
900 



6)12(2 
12 



We thus find 6 to be the greatest common divisor of 12 
and 906, and consequently of the three numbers, 492, 744^ 
and 906. 

3. What is the greatest common divisor of 316 and 
405? Ans. 45. 

4. What is the greatest common divisor of 1825 and 
2655? Ans. 6. 

5. What is the greatest common divisor of 506 and 
308? Ans. 22. 

6. What is the greatest common divisor of 404 and 
364? Ans, 4. 

7. What is the greatest common divisor of 246, 372j 
and 522? Ans, 6. 

S6« We are now prepared to proceed to the reduction 
of fractions. 

We know (Prop. VI., Art. 34) that we can divide 
both numerator and denominator of a fraction bj any num- 
ber without altering its value. If we divide by the great- 
est common divisor, the resulting fraction will be in its 
lowest terms. 
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Theiefoie, to leduce a fraction to its lowest tenns, w« 
luLtethis 

RULE. 

Divide both numerator and denominator hy their greatest 
tammon divisor. 

Hoir do yoa reduce & fraction to its loweit termi? 



EXAMFLES. 

1. Reduce •f{^ to its lowest terms. 

We have already foiind (Ex. 1, Art. 3tS,) the (greatest 
oominon divisor of 592 and 999 to be 37. Dividing both 
these terms by 37, we find 16 and 27 for quotients : hence, 
Iff, when reduced to its lowest terms, becomes if. 

2. Reduce iij} to its lowest terms. Ans. i. 

3. Reduce f^, ^, M, to their lowest terms. 

Ans. i, i, i. 

4. Reduce ■f+J- to its lowest terms. Ans. -f. 

5. Reduce jVft to its lowest terms. Ans. ft. 

6. Reduce -fff to its lowest terms. Ans. -f. 

7. Reduce tHt to its lowest terms. Ans. tJt- 

8. Reduce -f-H^ to its lowest terms. Ans. -fy. 

9. Reduce gf}f j to its lowest terms. Ans. -H-- 
10. Reduce fgfj^ to its lowest terms. Ans. f. 

We may frequently discover nimibers, by inspection, 
Wtach will divide both numerator and denominator without 
CMnainder. When this is the case, we need not resort 
(O^'tho rule for obtaining the greatest common divisor, 
IKilS we have divided by such numbers. 
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11. Reduce fHf ^o its lowest terms. 

In this example, we £rst divide the nmnerator and d» 
nominator by 4, which reduces the fraction to -^Hf . We 
again dinde by 4, and obtain fl^-. Dividing the numara- 
tor and denominator of this last fraction by 4, we obtain 
•ft4, which is still further reduced by dividing three »"JO- 
cassive times by 3. 

^4 -r.4 -r-4 ^3 -f-3 -r3. 
6 913 — 17 88 — 4T2 — Tot — Tt — Tt — T* 

12. Reduce iff to its lowest terms. 

^2 H-3 ^3 -7-3 -^3. 

13. Reduce -JfJ to its lowest terms. Ans, f, 

14. Reduce +f|4 to its lowest terms. Ans. -H. 

15. Reduce yi|g to its lowest terms. Ans, tV- 

16. Reduce f|f jgjl to its lowest terms. Ans. f. 
37. To reduce an improper fraction to a whole or mix- 
ed number. 

Reduce ff to a mixed nimiber. 

Since the value of a fraction is the quotient arising 
from dividing the numerator by the denominator^ (Aut. 
34,) we may find the value of -Hj by dividing 95 by 13. 
Performing the division, we find 7 for the quotient, and 4 
for a remainder. Hence ^=7-^. (Art. 26.) 

From which we have the following 

RULE. 

Divide the numerator by the denominator; ihe quotient wdl 
he the integral part of the mixed number. The remainder 
being placed over the denominator of the improper fraetioHf 
will form the fractional part. 

Re^ieat the rule for redneteg an improper fttetion to t mixed numiMi. 
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EXAMPLES. 

1 Reduce -f^ to a mixed number. Ans, 2f . 

2. Reduce -V^, +3-) ^^ oaixed numbers. Ans, 1 If, 7^. 

3. Reduce -V-j -Vj to mixed numbers. Ans, 8+, Sf. 
1 Reduce J-f-*- to a mixed number. Ans, 18f. 

5. Reduce -Hfi^ ^o s* mixed number. iliw. 81fff. 

6. Reduce ^\^ to a mixed number. Ans, 34^. 

7. Reduce -W^ to a mixed number. Ans, 32TVt- 

8. Reduce -Hf^ to a mixed nimiber. Ans, 38-ff . 

9. Reduce -WoV" to a mixed numoer. Ans. lO-ifH- 
38« To reduce a mixed number to £ui improper fraction. 
Reduce the mixed number 37f to an improper fraction. 

If we multiply the fractional part, f, by 8, the product 
will be 3. (Art. 34.) Multiplying 37 by 8 we obtain 
296, to which adding 3, we find 299 for 8 times 37-|. 
Hence 37f is equal to 299 divided by 8, that is, to -H^ 
Hence, we have this 

RULE. 

Multiply the integral part of the mixed number hy the de* 
nominator of the fractional part ; to the product add th$ 
mtmeratjr of the fractional part ; the sum will he the numera* 
tar if the improper fraction ; under which place the denomi' 
nator of the fractional part. 

This rule is obviously correct, since it is th« reverse <rf 
the rule, (Art. 37,) where a reverse operation was !»• 
qniied to be performed. 

EXAMPLES. 

1. Reduce 4^ to an improper fraction. Ans. f. 

%. Reduce 3^, 7-f , to improper fractions. Ans, -V^, -y. 

3 Reduce 8J, 7^, to improper fractions. Ans, -V, -y 
7* 
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4. Reduce 8 1-fff to an improper fraction. An^. •Hfi'w 
6. Reduce 37-f^ to an improper fraction. Ans. •"-!+*• 

6. Reduce 3-Jft- to an improper fraction. Ans. -W^* 

7. Reduce T+f- to an improper fraction. Ans. ^^, 

8. Reduce 365-H to an improper fraction. 

Ans. ^W*' 

9. Reduce 12341+ to an improper fraction. 

Ans. -aw*. 
10. Reduce 77-ft- to an improper fraction. Ans. ^^. 
39. Let us endeavor to reduce the compound frac- 
tion f of -ft- to an equivalent simple fraction. 

•J- of -ft- can be obtained by dividing the value of the 
fraction -ft- by 4, which (by Prop. II., Art. 34,) can be 
effected by multiplying the denominator by 4 ; therefore, 

7 
i of -ftr equals- — --. 
4x11 

Again, f of -ft- is obviously three times as great as \ 
of -^ ; therefore, to obtain -J- of -ft-, we must multiply 

7 

by 3, which (by Prop. L, Art. 34,) can be done by 

4x11 

multiplying the nimierator by 3 ; hence we have -J- of -ft-ss 

3x7 _21 

4xll'"44' 

Therefore, to reduce compoimd fractions to their equiva* 
lent simple ones, we have this 

RULE. 

Consider the word or, which connects the fractional parts, 
as equivalent to the sign of multiplication. Then muUipiy 
all the numerators together for a new numerator j and dU 
the denominators together for a new denominator; always 
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oisennng to reject or cancel such factors as are common to 
the numerators and denominators^ which is the same as di' 
tiding both numerator and denominator by the same numbers^ 
and which {by Prop. VI, Art. 84,) does not change the 
value of the resulting fraction. 

Kepatt the Role for redaeing a compound fraction to a timplo ono. 
EXAMPLES. 

1. Reduce -^ of -f- of tV of tV to its equivalent simple 
fraction. 

Substituting the sign of multiplication for the word of 

we get iXf X-jVX'ft'- First, cancelling the 8 of the 

numerator against the 2 and 4 of the denominator, hy 

drawing a line across them, we get 

13 5 
-X-X— X-~. 
;4 ^ 15 12 

Again, cancelling the 3 and 5 of the numerator against 

the 15 of the denominator, we finallj obtain 

i^^/i'^r^J i2~i2- 

2. Reduce f of +i- of -J of i of -ft- to its simplest form. 
First, cancelling the 7 and 5 of the numerator against 

,the 35 of the denominator, we get 

3 14 ;? 4 ^ 

7^$^^8^9^11- 

Again, cancelling the 7 of the denominator against 

the same factor of the 14 of the numerator, and the 3 of 

the n^imerator against the same factor of the 9 of the de» 

■oounator, we obtain 

2 

* W ^ 4 $ 
-X--X-X-X — 

t i$ 8 ^ u. ^ ^ 
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Finally, cancelling the 2 and 4 of the nmnerator agafaiil 
the 8 of the d^ominator, we ^et 

t i$ $ ^ U 33- 
3 

Note.— We have written our fractions several times, in order 
the more clearly to exhibit the process of cancelling. But in prac- 
tice, it will not be necessary to write the fractions more than once. 
It will make no difference which of the factors is first cancelled. 
When all the common factors have in this way been stricken oo^ 
the fraction will then appear in its lowest terms. 

3. Reduce -J of f of f of -f to its simplest form. 

Alls, i. 

4. Reduce -f of f of -J of -f to its simplest form. 

Ans. ,V. 

5. Reduce f of -ff- of -fj of f of -H to its simplest foim. 

Ans. -i\. 
• 6. Reduce i of 2i of B^ of 6 to its simplest form. 

Ans. 25. 

7. Reduce i of f of -f of -^ to its simplest form. 

Ans. tV- 

8. Reduce -J of 4 of -^ of -H- of fj to its simplest form. 

Ans. tV. 

9. Reduce •}■ of -J- of -Jf of -f of f of 4-J to its simplest 
form. Ans. nftr* 

10. Reduce i of f of f of f of f of f of i of | of ^ to 
itt simplest form. Ans. iV* 

40* To reduce fractions to a common denominatot 



Digitized by Google 



REDUCTION OF FRACTIONS. g| 

We know (Art. 34, Prop. IIL,) that the vahie of a 
fraction is not changed by multiplying both numerator 
and denominator by the same number. If, then, we mul- 
txply the numerator and denominator of each fraction by 
the product of the denominators of all the other fractions, 
we shall retain the values of the respective fractions, and 
at the same time they will have a common denominator. 

Let it be required to reduce ij ^ of f , -ft-, and ■{• off, to 
equivalent fractions having a common denominator. 

These fractions, when reduced to their simplest form, 
become i, f , -ft-, and f . 

For first fraction, J. 

Multiply the numerator and denominator, each by 3 x 
11x9, the product of the denominators, of the other frac- 
tions, and we find 

1x3x11x9 =297 fo* new numerator. 
2x3x11x9=594 ^ " denominator. 

For second fraction, f . 

Multiply the numeratoi and denominator, each by 2 x 
11 X 9, the product of the denominators of the other frao* 
tions, and we find 

2x2x11 x9=396 for new numerator. 
3x2x11x9=694 « « denominator. 

For third fraction, -ft-. 

Multiply the numerator and denominator, each by 2 x 
3x9, the product of the denominators of the other frac« 
tions, and we find 

3 X 2 X 3 X 9 = 162 for new numerator. 
11x2x3x9=594 « " denominator. 

For fourth fraction, f . 

Multiply the numerator and denominator, each by 2x 
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3x11, the product of the denominators of the other fiae* 
tious, and we find 

2x2x3x11=132 for new numerator. 
9x2x3x11=594 " " denominator. 

Hence the fractions become fff , fJi, iff, and iff. 

It will be seen that each numerator is multiplied by th« 
product of all the denominators except its own. It will 
also be seen that in obtaining each new denominator, the 
factors are the same, namely, all the denominators. 

Hence the following 

f RULE. 

Reduce mixed numbers to improper fractions, and com- 
pound fractions to their simplest form. Then multiply each 
numerator by all the denominators except its own for a neui 
numerator f and all the denominators together for a common 
denominator. 

Repeat thii Rule. 

EXAMPLES. 

1. Reduce i, f, + to equivalent fractions having a com' 
mon denominator. Ans. -^fr, iVr? "Aftr- 

2. Reduce -J-, i, •}■, to equivalent fractions having a 
common denominator. Ans. -J-f, -jft-, -fy. 

3. Reduce -f, -J, f , f, to equivalent fractions having a 
common denominator. Ans. ff^, fH? Ifoj fH- 

4. Reduce -J- of -f , 4^, 5^, to equivalent fractions having 
A common denominator. Ans. -ft, -H, -H* 

5. Reduce -J of -J of 5, 7i, 5^, to equivalent fractions 
having a common denominator. Ans. -Jf , -^y ^^, 

4:1 • In most cases fractions may be reduced to equiv 
alent ones having a smaller common denominator than !• 
given hy the above rule. Before showing how to find the 
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teoH common denominator of ftekCiioua^ it becomes necesdary 
to Bhow how to find 

THE LEAST COMMON MDLTIFLE. 

A multiple of several numbers is such a number as can 
k divided by each of them without a remainder. Thus, 
t2, 24, 36, 48, &c., are muhiples of 2, 3, 4, and 6, since 
each of them is divisible by 2, 3, 4, and 6. Any set of 
numbers may have an infinite number of multiples. In 
practice it is the least common multiple which is usually 
Bought. In the above example, 12 is the least common 
multiple of 2, 3, 4, and 6. 

Lei us seek the least common multiple of two numbers, 
as for example, of 4 and 18. Separating these numbers 
into their smallest component parts, (Art. S81,) they be- 
come 4=2x2; 18=2x3x3. If we multiply 2x2=4 
by2x3x3=l8, we shall obtain 2x2x2x3x3, which 
is obviously a common multiple cf 4 and 18, since the 
fectors of these numbers are found in this expression. 
But it is not the least common multiple of 4 and 18, since 
one of the 2's, which is a common factor of 4 and 18, 
may be omitted, and the result, 2x2x3x3, will still 
contain all the difierent factors of 4 and 18. Hence, 
when two numbers have no common divisor, their least 
common multiple may be found by taking their product. 
When they have a common divisor, their least common 
multiple may be found by dividing their product by theii 
greatest common divisor ; or, by dividing one of the num- 
ben by their greatest common divisor, and multiplying the 
q[fKytient by the other number ; or, by dividing each num- 
bwby their greatest common divisor, and multiplying th« 
pioduct of the quotients by this greatest common divisor. 
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It is the last method that we find most convenient to 
employ. 

The least common multiple of more than two nnmben 
may be found, by first finding the least common multiple 
of any two of the numbera, and then finding the least 
common multiple of that multiple, and another of the 
given numbers, and so on, until all the different numbers 
liave been used. 

We will now seek the least common multiple of 10, 18 
and 21. 

The greatest common divisor of 10 and 18 is 2. Dividing 
10 and 18 by 2, we find 5 and 9 for the quotients ; hence 
the least common multiple of 10 and 18is2x5x9. We 
now seek the least common multiple gf 2 x5 x9 and 21. 
The gmatest common divisor of these two numbers is 3, it 
being a divisor of 9 and of 21. 

Dividing by 3, we have 2x5x3 and 7 for the quotients. 
Hence the least common multiple of 2x5x9=90 and 
21, is 3x2x5x3x7=630, which is also the least com- 
mon multiple of 10, 18 and 21. 

If we place the numbers 10, 
18 and 21 in a horizontal line, 
and divide the 10 and 18 by 2, 
and bring down the 21, we 
shall obtain a second line con- 
sisting of 5, 9, and 21. Di- 
viding the 9 and 21 of this 
second line by 3, we obtain a third line consisting of 5,3, 
and 7, no two of which have a common divisor. Now, 
multiplying the divisors 2 and 3 by the product of the 
numbers in the last horizontal line, we have 630, the leas^ 
common multiple sought. 
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Hence the least common multiple of any set of nuix^nr 
may be found by the following 

RULE. 

• 

Write the numbers in a horizontal line ; divide them by 
lh$ least number which will divide two or more of *hem with- 
mt a remainder ; place ^he, quotients with the undivided 
wmltersj if any, for a second horizontal line; proceed with 
this second line as with the first ; and so continue until there 
ore no two numbers which can be exactly divided by the same 
divisor. The continued product of the divisors, and of the 
numbers in the las* horizontal line, wUl give the least common 
mdtiple. 

Note.— When there is no number which will divide two of the 
giroi numbers, their continued product must be taken for the least 
common multiple. 

Wbai is a multiple of sereml nnmbers 1 Mention some of the multiples of 2, 3, 4, 
ui 8. Are the number of multiples of any set of numbers limited 1 Repeat the Rtia 
tot finding the least common multiple of any set of numbers. When there is no num- 
kvvhieh will divide two of the given numbers, how is the least multiple found 1 

EXAMPLES. 

1. What is the least common multiple of 12, 16, and 24 ? 

OPERATION. 



2 


12, 


16, 24. 


2 


6, 


8, 12. 


2 


3, 


4, 6. 


3 


3, 


2, 3. 




1, 


2, 1. 
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Hence, 2x2x2x3x2r:;48 is the least coinmcm mul 
tiple. 
2. What is the least common multiple of 12, 15, 24 1 

OPERATION. 



2 


12, 16, 24, 


2 


6, 15, 12. 


3 


3, 15, 6. 




1, 5, 2. 



Therefore, 2 x 2 x 3 x 5 x 2= 120 is the multiple sought 

3. What is the least common multiple of .1, 77, 88? 

Ans. 616. 

4. What is the least common multiple of 37, 41? 

Ans, 1517. 

5. What is the least common multiple of 24, 60, 45, 
180? Ans. 360. 

6. What is the least common multiple of 2, 4, 6, 8 ? 

Ans, 24. 

7. What IS the least common multiple of 3, 5, 7, 9 ? 

Ans, 315. 

8. What is the least common multiple of 2, 3, 4, 5, 6, 7, 
8, 9 ? Ans. 2520. 

9. What is the least common multiple of 7, l4, 16, 18, 
24? Ans. 1008. 

10. What IS the least common multiple of 1, 2, 3, 4, 5, 
6,7,8,9, 11? Ans. 27720. 

43. We are now prepared to reduce fractions to their 
least common denominator. 
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Let it be required to reduce to the least comiQon de 
nominator the fractions -ft-, tV> and -H- 

If we take the least common multiple of the denomina* 
tors 12, 16, and 24, which is 48, and divide it in turn by 
these denominators, we shall obtain the respective quo* 
tients 4. 3, and 2. Hence, if we multiply the numerator 
and denominator of each fraction by 4, 3 and 2 respect- 
ively, they will become f-g^, -fi and -ff. These fractions 
are equivalent to the original ones, and have their least 
common denominator. Hence fractions may be reduced 
to their least common denominator by the following 

RULE. 

Reduce the fractions to their simplest form ; then find the 
least common multiple of their denominators, {hy Rule under 
Art. 41,) which will he their least common denominator. 
Divide this denominator by the respective denominators of 
the given fractions ; multiply the quotients thus obtained by 
the respective numerators, and the several products will be 
Ike new numerators. 

i the Rule for reducing fractions to their leut common denominator 



EXAMPLES. 

1. Reduce -fy, -ft-, ii, to equivalent fractions having the 
least common denominator. 

The least common multiple of the denominators 12, 15 
24, is 120= common denominator. 

New numerator of first fraction -Wx 5=50. 

New numerator of second fraction -tV-X 7=56. 

New numerator of ,hird fraction ^V'X 11=55. 
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Hence, the fractions, when reduced to their least am^ 
mon denominator, become 

so 56 55 

TloJ T^^) TI7- 

2 Reduce -J- of f of iV, ^, iV? to equivalent fractions 
having the least common denominator. 

Ans. Tfifj Tinrj Anr- 

3. Reduce 3-J, 4^, ^, to equivalent fractions having tht 
least common denominator. Ans, -W, -W? -ft- 

4. Reduce f, tV, -H", to equivalent fractions having the 
least common denominator. Ans. +H, tVt) "Hf- 

5. Reduce -^, -ft-, 6^, to equivalent fractions having 
the least common denominator. Ans. ^r> iMj "W/^- 

6. Reduce -J-, -J, 3-J-, and i, to equivalent fractions having 
the least common denominator. Ans. -H, -f^, -W", -J-J. 

7. Reduce iV, i, i, ifr, to equivalent fractions having the 
least common denominator. Ans. -iftV? ttW? ^A"? WV- 

8. Reduce -J, f, -f-, f, -ift^, to equivalent fractions having 
the least common denominator. Ans. f^, f f , |-f , f^, f^r« 

9. Reduce -f , ■}-, f , f , -ft-, lihrj to equivalent fractions 
having the least common denominator, y 

Ans, -nnr) "nnr> tA^ TaTj ttoj iThr* 
10. Reduce -J-, i, -J-, -J-, i, -f, -J-, +, to equivalent Actions 
having the least common denominator. 

Ano 1 >«0 J^A.f*. _g_3_Q- _K_o>_ >A" _«A" _»JA •«<» 
/I7»y. T6aTr> 45 3 0) 55 8 0) S6 3 0) tTsToj aiaoj SuSTflj TTTIF* 



ADDITION OP FRACTIONS. 

43. Suppose we wish to add f and f. We know that 
10 long as these fractions have difierent denominators, they 
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Oftimot be added any more than pounds and yards can be 
added together. We will theref(»re reduce them to a corn* 
mon denominator. We thus obtain 

Now, taking their sum, we obtain 

7 5~"35"^35 35 35" 
Hence, to add fractions, we have this 

RULE. 

Reduce the fractions to a common denominator, and take 
the sum of their numerators, under which place the common 
denominator, and it will give the sum required. 

Note. — The labor will be the least when we reduce {iie fractions 
to their least common denominator, 

EXAMPLES. 

1. What is the sum of -J-, i., -J-, and •§•? 

These fractions, when reduced to their least common 
denominator, are -^, tV, -A, and tV? the sum of whose 
ffoxnerators is 6+4+3+2=15. Hence we have 

111 i.l_Ll — 11. — 5 — ll 

2. What is the sum off and i? Ans, -fy. 

3. What is the sum of -J-, iV, -jftr- -^ns, -jftr* 

4. What is the sum of i, f, t^? Ans. 1^= 1^. 

5. What is the sum of -^, t'Vj A ^ '^^' i-l- 

6. What is the sum of f , -iS, t^, A^ ^f^s. ff = l-Jf. 

Note: — If any of the fractions are compound, they must first be 
■educed to simple fractions, (by Rule under Art. 39«) 

7. What is the sum of i of f of f, i of i, and f ? 

8* 
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I'hese fractions, when reduced to their simplest formg, 
are i, tV> and f; which, when reduced to their least com- 
mon denominator, become 

•/t) "A") "A"* 
Hence, their sum is 

4+2+9_15_5 
24 ~24 8. 

8. What is the sum of i of f of +*, i of f of 6, and i 
of ♦ of 3? ^^' ^i^' 

9. What is the sum of f of i of 8, i of f of -SP-, and | 

of 16? ^^' S+- 

10. What is the sum of •} of * of f , i of i of f , and -f 
of t? ^«^- A- 

1 1. Wh^t is the sum of f , -f, f, and f ? 

An^. J5W=2iH. 

12. What is the sum of i, -}, f, f, and -H? 

13. What is the sum of i, f , i, yV) ^^^ "H ^ 

14. What is the sum of 3+, i of i, f of f of f, and -^1 

Ans, W=Vt- 
15 What is the sum of i of ■}, f of f, f of f , and f of 

16. What is the sum of i, i, i, i, i, -f, i, i ^ 

17. What is the sum of 1, i, i, }, i ? 

18. What is the sum of f , i, f , i ? ^»^. W=5fJ. 

19. What is the sum of i, i, i, |, i, i, tVj tVj tV) iV ' 

20. What is the sum of i, f , f , f , -|, -V", li, +!-, tt, H ' 
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SUBTRACTION OF FRACTIONS. 

44:. Suppose we wish to subtract f from -J-. We 
know that so long as these fractions have different de- 
Dominators, the one cannot be subtracted from the othef 
any more than pounds can be subtracted from yards. Wn 
therefore reduce them to a common denominator, and 
obtain •J-=-gV ; + =-A-- Now; taking their difference, we 
obtain |— 1=-^— ^=-^. Hence, to subtract one frac- 
tion from another we have this 

RULE. 

Reduce the fractions to a common denominator ; suljlract 
the less numerator from the greater ^ and place the common 
denominator under the difference. 

Kepeet this Rule. 

EXAMPLES. 

.1. From I subtract f \=:-h\ J=tV i 5--2=3. 
Therefore we have ^— 1=-^. 

2. From ^isubtract -J-. Ans, f . 

3. From i subtract +. Ans. -f. 

4. From ■?• subtract -J-. Ans, A* 

5 From ■4- subtract f. Ans, f. 

6 From -^ subtract yJ-T. Ans. VA. 

7. From -Hf subtract if . Ans.-f^. 

8. From fH subtract -ftV- ^ns. H 
NoTE.^As in Addltioiii if either of thefhictions is compound, il 

■ml first be reduced to its simplest form. 

9. From i of f of f subtract tV- • Ans, f. 

10. From ^ subtract •{• of -Jf . Ans, ||. 

11. From^off subtract f off. Ans.^. 

12. From 3i subtract 2i. Ans. V^. 
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13. From i of f of f , subtract | of f Ans. Vt\- 

14. Froml^off off off, subtract f off off off. 

Ans, 21. 
1 5 From the sum of |, f , f , f , subtract the sum of ^ ^ 
i, i. Ans. 4. 

16. From the sum of f, f, f, f, f, ^, ji, |^, ^}, H 
subtract the sum of f , J, f , |, f , |, ^, ^, ^, ^^. 

Ans. 10. 

17. From f of 137 subtract ^ of 317. A»^. 47. 

18. From f of 137 subtract I of 317. Ans, 77 

19. From f of 137 subtract f of 317. Ans. 92. 

20. From f of 137 subtract f of 317 Ans. 101, 



MUITIPIICATION OF FRACTIONS. 

4LS. Multiply f by f. 

We know, (Art 39,) that f multiplieJl by f is th« 
same as f of f . Hence, we must use the same rule as fox 
reducing compound fractions. 

Therefore, to multiply fractions, we have this 

RULE. 

Multiply all the numerators together for a new numeratof' 
and all the denominators together for a new denominator; 
always observing to reject or cancel such factors as are 
common to both numerators and denominators. 

If any of the factors arc whole numbers, they may be 
made to take the form of a fraction by giving to them 1 
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for a denominator, (see Art. 33,) and then the general 
rale will apply. 

Wliftt ii the Role for multiplying firaetloos 1 



EXAMPLES. 




1. Multiply i by i. 


Ans.t. 


2. Multiply i by -L. 


Ans.i, 


3. Multiply i by f . 


Ans.^ 


4. Multiply i by -f. 


Ans.^. 


5. Multiply i, -J-, •§-, all together. 


Ans, iV- 


a Multiply i by fg-. 





In this example, we cancel the 4 of the numeratoi 
against a corresponding factor of the 16 of the denomina- 
tor; and 5 of the denominator against a corresponding 
factor of the 10 in the numerator. Thus: 

2 

$ H 
4 
finally, cancelling the 2 in the numerator against the 
iame factor of the 4 in th^ denominator, we find 

2 

T. Multiply the fractions f , -f , f . 
2 2 

$ $ 4 

rf 7 7 

> : 
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Note.— A little practice will enable the student to perfcrm then 
operations of cancelling with great ease and rapidity. And since, 
as was remarked under Art. 39, it is immaterial which factors are 
first cancelled, the simplicity of the work must depend much upon 
his skill and ingenuity. 

8. Multiply together the fractions 3-J-, 4^, Vr. 
Expressing the multiplication, after reducing them, ws 

have 

7 13 1 

Cancelling the 7 of the numerator against a part of th« 
14 of the denominator, we have 

;? i3_ 1 13 - , . 

2 3 W 12 
2 

9. Multiply together the fractions -J, f , f , -f-. Ans. •^. 

10. Multiply together the fractions f, -f-jf, ^. Ans. f. 

1 1. Multiply together the fractions 3-J, 4^, 5^-. 

Ans, ^^=73*. 

12. Multiply together ■^, iV, f. Ans. -fy. 

13. Multiply f by 4. Ans. -V^=lf 

14. Multiply 7 by f. * Ans. ^=5^. 

15. Miltiply 7i by 3^. Ans. •H^=26i. 

16. Muhiply 16i by 5, Ans. ^4^=82^. 

17. Multiply the sum of -J, -^j •}, ^, by the sum of -J, -l, 
ii. Ans. it^=lVWV. 

18. Multiply the sum of i of f , f of f by the sum of |, 
ofi, ioff Ans. -^f^ 

19. Muhiply f of i of f of -^ by ii of f of f 

Ans. VV- 

20. Multiply the sum of 3, 3^, 3i, 3^, by the sum of 21 
8+,4i. . Ans. -m^z=:\27Hi' 
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DIVISION OP PRACTIONS. 

4:6. Let us endeavor to divide f by ^. We know that 
f can be divided by 6, by multiplying the denominator by 
5, (see Prop. XL, Art. 84,) which gives 

4 

7x5 
Now, since -f is but one eighth of 5, it follows that -f 
divided by f must give a quotient eight times as great as 
f divided by 5. Therefore, f divided by -f must give 

8 times = • 

7X5 7x5 

From which we see that f has been multiplied oy -l 

after it was inverted. 

Hence, to divide one fraction by another, we have this 

RULE. 

Reduce the fractions to their simplest form. Invert the 
dwisor, and then proceed as in multiplication. 

If either the dividend or divisor is a whole number, it 
may be converted into an improper fraction having 1 foi 
its denominator. 

li|iMt tU Rale for tht Dirision of Fnetioni. 
£XA1IPLES. 



1. Divide +* by V^. 
^averting the divisor, we have 

12 26 
— X — 

13 4 



ti 
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Cancelling, we find 

3 2 

X$ 4 

2 Divide i by i Ans. f=li. 

3. Divide i by •}-. Ans, 2. 

4. Divide f by i Ans. f =2i. 
6. Divide •?■ by -ft:. An^. -V'= H- 

6. Divide -fg by -H. Ans. f. 

7. What is the quotient of 4+ divided oy 17-J-? 

Ans. iVr 

8. What is the quotient of +f divided by 10 ? Ans. -f^. 

9. Divide i of f by i of f . ^iw. -^=3^ . 

10. Divide 3+ of 2i by 4^. Ans. JA^= IH- 

1 1 . Divide i by f of f . Ans. *= If. 

12. Divide the sum of |, f , -J, ^, by the sum of 1, i-, -i 

13. Divide the sum of f,i,f,*, i,-V^,++,HH-H, by 
-.he sum of 1, i, i, i, +, i, i, tV, tV, tV, tHt. 

Ans. V4VA¥ =4ffliH- 

14. Divide | off of f of f by f of f of 4 of -J. 

Ans. J^=3i. 

15. Divide the siun of 1, 1|, 2|, 3^, by the sum of 1^^ 
«i,3i. Ans. W=liW. 

16. Divide the sum of ^ of f, ^ of f , by the sum of j of 

17 Divide* of ii of if by + off of i. 

18. Divide i of i^ of + by i of i of 12. 

Ans. tJt- 

19. Divide i of f of * of i by i of i of 8. 

Ans. tWt. 
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RECIPROCALS OF NUMBERS. 

4T. The reciprocal of a number is the result obiained 
by dividing 1 by the number. Thus, the reciprocals of 2, 
3, 4, and 5, are -J^, ^, ■}-, and -J. From this we discover 
that the reciprocal of an integer^ or whole number, is equal 
to a vulgar fraction whose numerator is 1, and whose de- 
nominator is the given number. 

The reciprocal of f is foui.d by dividing 1 by -f. which 
(Art. 46,) is 1-^1=1 x-|=-| 

In the same way wo find the reciprocal of -f to be f , 
and in general, the reciprocal of a vulgar fraction is tne 
value of the fraction when inverted. 

Note.— From this, we see that dividing by any number is in 
efi^t the same as multiplying by the reciprocal of that number. 
So that operations of division may be included under those of mul- 
dplieation. A practical application of this principle may be sees 
onder Reduction of Denominate Fractions. (Art. 89«) 

EXAMPLES. 

1. What are the reciprocals of 7, 8, 9, 10, 11? 

Ans. +, i, i, T^r, -A-. 

2. What are the reciprocals of 18, 23, and 41 ? 

Ans. T^ff, isVj h- 
3.. What are the reciprocals of -f , f , -fr, f ? Ans. f , f, -f, f. 

4. What are the reciprocals of 1-J-, 2^, 3i? Ans. -f, f , t*^ 

5. What are the reciprocals of f of -^j -J of f ? 

Ans. ♦ of i, f of f 

48* EXEBOISES IN VULGAR FRACTIONS. 

1. Reduce -H to its lowest terms. Ans. ^, 

2. Reduce -^ to its lowest terms. 'Ans. +. 

3. Reduce \^ to its lowest terms. Ans. -f. 
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4. Reduce fff to its lowest terms. Ans. f. 

5. Reduce -Jfff to its lowest terms. Ans. f , 

6. Reduce ^{|i to its lowest terms. Ans. ttO' 

7. Reduce rllJI to its lowest terms. Ans. ||. 

8. Reduce Hf to its lowest terms. Ans, \^, 

9. Reduce ^xf tI ^^ ^^^ lowest terms. Ans, yV 

10. Reduce -f-H to a mixed number. Ans, Ijjy, 

1 1. Reduce -^^ to a mixed number. Ails, 7f. 

12. Reduce V" to a whole number. Ans, 8. 

13. Reduce -{4 to a mixed number. Ans, dj\. 

14. Reduce -Vrr" t^ ^ mixed number. Ans, 2-J^, 

15. Reduce Yt" to ^ mixed number. -Anj. 1^. 

16. Reduce 3^ to an improper fraction. Ans, f . 

17. Reduce 15|^ to an improper fraction. Ans, -W* 

18. Reduce 3-i^ to an improper fraction. Ans. -ff. 

19. Reduce ItJt to an improper fraction. Ans, -}-H. 

20. Reduce lOO-H" to an improper fraction. Ans, ^-{i^. 

21. Reduce -J- of f of f to its simplest form. Ans, ^ 

22. Reduce ^ of -f of -JJ- to its simplest form. Ans. i 

23. Reduce •} of ^ of -ft- of 3 to its simplest form. Ans, -ft 

24. Reduce tV of f of -J^ of 3^- to its simplest form, 

Ans, "jft 

25. Reduce f of -V" of i of 100 to its simplest form. 

Ans, 200. 

26. Reduce ij i, i, to equivalent fractions having a cciir 
mon denominator. Ans, t^, -^, -ft-. 

27. Reduce -J-, -J-, -J-, -J-, i, to equivalent fractions having a 
common denominator. Ans. fi, f^, fj, j-fj il^ 

28. Reduce 3^, f , -J, -ft-, to equivalent fractions having a 
eommon denominator. Ans, ^, |^, -Hj A* 

29. Reduce -i-, ^, f, -ft-, to equivalent fractions having a 
common denominator. Ans, -ft^, i^gV^ tWtj -iWr- 
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30. Seduce f , f, -fr, fj, to equivalent fractions having 
a coimnon denominator. Ans. fHf j "HJi j Wii Wf • 
3U What is the sum of i, i, i ? An^. ff = l-rtr- 

32. What is the sum of f , f , * 1 -Art^. ^=z2H- 

33. From a piece of cloth i &nd ^ of the whole was cut 
off. What part of the whole was thus taken away? 

Ans, f. 

34. From J subtract |. Ans. }, 

35. From ^^ subtract ^, Ans. ^^j. 
36 From f subtract f. -An^, -rfV- 

37. A tree 150 feet high had ^ broken off in a storm. 
What was the length broken off? Ans, 30 feet. 

38. A and B together possess 1477 sheep, of which A 
owns 4* and B f . How many belong to each man ? 

) B's, 633. 

39. A owns -j^ of a ship, valued at $15422; he sells 
(0 B ^ of his share. What is the value of what A has 
Idi ; also, what is the value of B*s part ? 

. ( A's remaining part is $1402. 
' ( B's part is $2804. 

40. A cotton mill is sold for $30000, of which A owns 
i of the whole, B and G each own •}■ of i of the whole. 
How many dollars does each one claim? 

r A claims $6000. 
Ans.-l^ B claims $5000. 
LCJ claims $5000. 
4L A and B have a melon, of which A owns -f, and B 
I ; C <^rs them one shilling, to partake equally with them 
af the melon, which was agreed to. How must the shilling 
kedmded between A and B? . ( A must have i of it. 

* ( B must have i of it. 
42. A farmer had i of his sheep in one field, 4- in a 
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second field, and the residue, which was 779, in a third field ' 
How many sheep had he in all ? Ans. 1230 sheep. 

43. If I divide 616 dollars between A, B, C, and D, hy 
giving A -J- of the whole, B -^ of the remainder, C f of 
what then remained, and D the balance, how much will 

'A had 154dQllars. 
B " 165 " 
C " 264 " ^ 
D « 33 ' * 



each receive ? 



DECIMAL FRACTIONS. 



49. A Decimal Fraction is that particular form of a 
Fraction, whose denominator consists of a unit, followed 
by one or more ciphers. 

Thus : tV, -ft, TfjT) -ftV) tJtT) tAt? iftVoo? ^c., are 
Decimal Fractions. 

In practice, the denominators of Decimal Fractions are 
not written, but always understood. 

The above Decimal Fractions are usually written asi 
follows: 01, 0-3, 004, 037, 008, OOOa, 0047, &c. 

The period, or decimal point, serves to separate the 
decimals from the whole numbers. 

The first figure on the right of the decimal pointy is in 
the place of tenths ; the second figure is in the place of 
hundredths ; the third figure in the place of thousandths, 
and so on ; the value of the imits of the successive figures 
decreasing from the left towards the right, in a tenfold 
ratio, as in whole numbers. The following table will 
exhibit this. 
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VUKERATION TABLE OF AVHOLE NX7BIBERS AND DECIMALS. 




^. JJg i=g§!ig 

33 3 3333333 3. 3333333333 

Atcending. J^ OOT Defcending. 

This table is in accordance with the French method 
of numeration (Art, 6,) where each period of three figures 
changes its name and value. 

Since decimals, like whole numbers, decrease from the 
left towards the right in a ten-fold ratio, they maybe con- 
nected together by means of the decimal point, and then 
operated upon by precisely the same rules as for whole 
numbers, provided we are careful to keep the decimal point 
always in the right place. 

Annexing a cipher to a decimal does not change its 
value, because it is the same as multiplying its numerator 
and denominator by 10. Thus: 0-3=0'30=r0-300=(fec. 
But prefixing a cipher is the same as removing the decimal 
tguies one place farther to the right, and therefore each 
aif^er, thus prefixed, reduces the value in a ten-fold ratio. 

Thus : 0-3 is ten times 003. or a himdred times 003. 
' 0-2 is read two tenths. 



0-26 


U 


twenty-five hundredths. 


0-865 


c 


three hundred and sixty-five thou* 
sandths. 


0-105 


a 


one hundred and five thousandtba 


0O3 


a 


three himdredths. 
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0-1234 is read one thousand two hundred and thirty^ 

four ten thousandths. 
4-3 " four and three tenths. 

37-3 " thirty-seven and three tenths. 

365*03 " three hundred and sixtj-five and thie9 
hundredths. 



6-4 



is the same as 6^=ff . 



36-5 


a 


36^=^. 


3605 


a 


36rJT='VVy^. 


0-7 


u 


■h. 


0-37 


u 


•nnr* 


0123 


u 


iViftr. 


0-2345 


u 


-mh- 


00101 


u 


1(11 


TTtmr- 


000012 


« 


\tlii»- 


0-40056 


u 


-iWWir. 


40-0005 


u 


40Ti*Tnr=*iWW- 


01-0101 


a 


101-riMT=-4«W^. 



A number composed of a whole number and a decimal 
part, is called a mixed number. 



What is a decimal fhiction 1 Of what form b the denominator 1 Give c 
•f deeimal ftaetioni. In practice, which part ii not written, but understood 1 What 
purpoae does the decimal point serve 1 What place is the first figure on the right of 
tile decimal point said to occupy? What place does the second figure oeeopyf 
What place does the third figure occupy 1 In what ratio do the values deenaM tm 
passing to the right? Is the above table in accordance with the French or EngUali 
method of notation? Does annexing a cipher to a decimal alter its value 1 What 
^feet it produced by prefixing a cipher 1 A number which is eompoeed of a wliok 
Bomber and decimal is called, what? 

Let the pupil be exercised in decompoimding decimals^ 
%a we have done in the following 
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BXAMFLES. 

The expression, -fj^, implies that 7468 is to be divided 
by 1000. Performing the division by the method of Case 
IV, Art. 30, we obtain 7 for a quotient and 468 for a 
iwnainder. So that HH=7iftftV=7*468=7 units, 4 
tenths, 6 hundredths, 8 thousandths, or, which is the 
lame thing, it equals 7+-Ar4-T^+TAT. 
In a similar manner we find that 

^Mf^=36458-7=36458+t^. 

^Vtf%^=3645-87=3645+-,^4-TfT. 

^4i^=364-587=364+-rV+T»Tr+-n?irT. 

nm*=3-64587==3+A+TW+-iTftir+Trihnr+ 
iWiWr=0-364587=T?^+T*,r+T/r7+TTiTT+ 



ADDITION OF DECIMAL FRACTIONS 

50* Since decimals, like whole numbers, increase from 
tile right towards the left, they may be treated by the 
fame rules as for whole numbers, provided we are careful 
lo keep the decimal pomt in the right place, so that like 
ttdeiB may stand under each other. Hence we have this 

RULE 

Place the numbers so that the decimal points shall he di* 
fjKtl^ under each other ; add as in whole numbers. In the 
amount place the poin^ under the points in the numbers 
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EXAMPLES. 

(l.) (2.) 

CO 

.a 



SB 

u 



usands 
idreds. 

ths. 

dredths. 
usandths. 
Thousandi 


Units. 
Tenths. 
Hundredths. 
Thousandths. 
Tens of Thous 
Hund. Thousai 


PfflHSa Eh as t^ Eh 


3 7 4 112 5 


1-23456 


14 1213 4 6 


2*3 4-5 6 7 


2 3 10-2005 


3-46678 


4 10 010 16 


4-56789 


3 4 5 6-4312 


5-67800 


15 1 0-99 2 9 


17-2 8 2 9 


(3.) (4.) 


(5.) 


4123-245 0-43478 


11-111 


112 1-35001 


210-001 


37004 1-1 


8-8 


0-205 33-333 


9-808 


4161-574 36-21779 


239-720 



6. What is the sum of 0-123, 0-012, 0-675, 00045? 

Ans. 0-8145. 

7. What is the sum of 014145, 0-23235, 0*34345^ 
M5455? Ans. 11718. 

8. Find the sum of 1-0012, 231003, 101-31407, 
10101578. Am. 135-517148. 

Digitized by Google 



6DBTRACTION OF DECIMAL FRACTIONS. 105 

9. Find the sum of 23412, 23412, 23412, 0-23412 

Arts. 26010732. 
10. What is the sum of IIMU, 121212, 13-1313, 
U14141 Ans, 15Qv5049 



SUBTRACTION OF DECIMAL FRACTIONS. 

SI* There is no difference between the subtraction of 
decimals and that of whole numbers, provided we are 
carefiil to keep the decimal points directly under each 
other, so that like orders may stand under each 
other. Hence this 

RULE. 
Place the less number under the greater, so that the decv- 
mai points shall be directly under each other ; subtract, as 
m whole numbers. In the difference place the point under 
the points of the numbers above. 

How do yoo place the ivnben in lubtnction t T}i€n how do you proceed t 





EXAMPLES. 




(1.) 

345-345 
54123 


(2.) 
1245-3478 
3400122 


(3.) 

3456-12347846 

479-100345 


291-222 


905-3356 


297702313346 


4 From 1023-4 subtract 99-9. Ans. 923-5. 
5. From 04785 subtract 013047. Ans. 0-34803. 
6 From 011234 subtract 000675. Ans. 010559. 
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MULTIPLICATION OF DECIMAL FRACTIONS, 

Sfi. A tenth taken once, must give 1 tenth for a pro 
duct ; if taken only one-tenth of a time, the product ^I 
be one-tenth of a tenth, or one hundredth ; that i«, tV X 
•xV=TjTr) or decimally expressed Olx 0-1=0 01. This is 
evidently true, since if the enth-part of any thing be 
divided into 10 equal parts, each subdivision will be a hun- 
dredth-part of the whole. So tV of Thf=Tb\iFj ^^^ so on. 

Multiply 01 36 by 078. If we supply the denominates 
of these decimal fractions, which denominators are always 
understood, we shall have 

0-136=-Aftftr; 0-78=T^. 

Hence, multiplying tWit by 1%, (Art. 45,) we find 
■'WrXTWr=i|*^if=TWWr=0-10608. 

From which we see that the number of decimal places 
in the product, always denoted by the number of zeros in 
the denominator, which is imderstood, is equal to the num- 
ber of decimal places in both factors. Hence we have this 

RULE. 

Multiply <is in whole numbers^ and give as many decimal 
places in the product as there are in both the factors, WTien 
there are not as many places in the product, prefix ciphers. 

How do you multiply decimal* 1 How many decimal places must there te in th» 
product 1 When the whole number of figures in the product is not as great, how 4m 
you proceed? 

OPEEATIOJt. 

0125 

37 

875 
375 



EXAMPLES. 

1. Multiply 0125 by 0-37. 



0-04625 
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In this example, the multiplicand has 3 decimal places, 
mi the multiplier has 2 ; therefore, by the rule, the product 
must have 5 places, and since the product consists of but 4 
figures, weprefixone cipher before making the decimal point. 

Z Multiply 0-561 by 0786. Ans. 0440946. 

3. Multiply 3012 by 4027. Ans, 12129324. 

4. Multiply 47-051 by 37039. Ans. 1742-721989. 

5. Multiply 33-33 by 66-66. Ans. 2221-7778. 

6. Multiply 125-125 by 5-5. Ans. 688-1875. 

S9m A decimal number may be multiplied by 10, 100, 
1000, &c., by removing the decimal point as many places 
to the right as there are ciphers in the multipher ; and if 
there are not so many figures, make up the deficiency by 
annexing ciphers. 



Thus, 12-12 multiplied by ^ 



rio 1 




121-2. 


100 




1212. 


1000 




12120. 


10000 


* = ^ 


121200. 


100000 




1212000. 


1000000 




12120000. 



How may a decimal nomber b« multiplied by 10, 100, 1000, &c. 1 When there art 
Mk M many decloul figuree in thv moltlplieand u then an cipben in the miilti[dier, 
htv 4a jon proceed ? 



DIYISION OF DECIMAL FRACTIONS. 

ff 4L« In multiplication of decimals, we know that the 

somber of decimal places in the product is equal to the 

j nun of those in both the factors. Now, since the product 

ifivided by one of the factors must produce the other fac* 
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tor or quotient, it follows, that in division the decimal 
places of the dividend must be equal to the numW of 
places in the divisor and quotient taken together. Hencei 
the number of decimal places in the quotient must equal 
the excess of those in the dividend above those in tha 
divisor. 

Divide 5-81224 by 6-432. 

Dividing 581224 by 5432 we find 107 for the qiiotient 
Since 5 figures of the dividend are decimals, and only 3 
figures of the divisor are decimals, it follows that two 
figures of the quotient 107 must be decimals, so that 1*07 
is the quotient sought. 

Hence the following 

RULE. 

Divide as in whole numbers ; give as many decimal places 
in the quotient as those in the dividend exceed those in the 
divisor; if there are not as many^ supply the deficiency by 
prefixing ciphers. 

How do you divide one decimal by another 7 How many decimal places must t&e 
quotient have? If the whole number of fignrei in the quotient ii not at greet as the 
number of decimak required, bow do yon proceed 7 



EXAMPLES. 

1. Divide 0123428 by 11-8 



ll-8)0123428(00104a 

ill 
542 
472 

708 

708 

In this example, the dividend contains 6 decimal places^ 
and the divisor but 1 ; therefore, by the rule, the quotient 
ought to contain 5 ; but as there are but 4 figures in the 
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iquotwait, we make up the deficiency by prefixing a cipher 
before making the decimal point 

2. Divide 3-81068§ by M2. Ans. 3-4024. 

3. Divide 0109896 by 0-241. Ans. 0-456. 

4 Divide M«264556 by 1-0012. Ans. M213. 

5 Divide 001764144 by 000 18. Ans. 9-8008. 

SS. When there are not as many decimal places in 
the dividend as in the divisor, we may, (by Art. 49,) 
annex as many ciphers to the dividend as we please, if we 
io not change the place of the decimal point. When the 
number of decimal places is the same in both dividend 
and divisor, the quotient will be a whole number. As for 
example, -ft- divided by VV=3, which is a whole number ; 
that is, 0-6 divided by 0*2=3, a whole number. 

When there are not as many decimal places in the dividend as in the divisor, how 
do you proceed ? When the number of decimal places in the dividend is the same as 
ia the divisor, what will the quotient be 1 



6. Divide 244-431 by 1-2345. 

In this example, before 
performing the division, 
we annex a cipher to the 
dividend, so that it may 
have as many decimal 
places as the divisor has ; 
we then perform this 

7 Divide 122-418 by 3-4005 

8. Divide 0-7 by 007. 

9. Divide 025 by 00005. 

10. Divide 0-125 by 0000005. 
10 



OPERATION. 



1-2345)244-4310(198 whole 
number. 



12345 

120981* 
111105 

98760 
98760 



Ans. 36. 

Ans. 10. 

Ans. 500. 

Ans. 25000. 
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8A« When there is still a remainder, and we wish a 
more accurate quotient, we may continue to annex ciphen 
and to divide as far as we plea,se, observing the rule foi 
placing the decimal point. 

11. Divide 20 by 0-003. 



OPERATION. 

By Short Division. 003 )20000 

6666-6666 , &c., to any extent 

• 12. Divide 37-4 by 45. 

OPERATION. 

4-5)37-4(8-3111l4- 
360 

140 
135 

50 
45 

50 

IL 
50 

IL 
50 
45 



When, m the quotient, we write the sign -i- it ia to 
indicate that the quotient is still larger than is wnttcn. 
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HI 



It frequently happens, as in this example, that the -work 
will never terminate. 

WImd there is still a remainder, how may we proceed to obtain a still more aeenrate 
filoe for the quotient 1 What does the sign -{- at the right of a quotient indicate ? 



13 Divide 7-85 by 3-43. 

14 Divide 0-478 by 0-58. 
15. Divide 0-9009 by 0-4051. 



Ans. 2-2886+. 
Ans. 0-824+. 
Ans. 2-223+. 



S7, We may, obviously, divide any decimal by 10, 
100, 1000, &c., by removing the decimal point 'as many 
j^ces to the left as there are ciphers in the divisor ; when 
there are not so many figures at the left of the decimal 
point, we may prefix ciphers. 



Thus, 12-12 divided by < 



How may we divide a decimal by 10, 100, 1000, &c. ? VThen In the decimal num- 
bsr there are not as many figures on the left of the decimal point as there are cipton 
hi the divisor, bow do you proceed 1 



10 1 




r 1-212. 


100 




0-1212. 


1000 




0-01212. 


10000 


> = < 


0001212. 


100000 




00001212. 


1000000 




0-00001212 



FEDEEAl MONEY. 



S8« This is the currency of the United States. 
Its denominations, or names, are Eagles, Dollars, Dimeg^ 
Cents, and Mills. 
Eagles, 

Half Eagles, ^ are coined from gokL* 
Quarter Eagle 



flesj 



• 8M4>ol*at«idorilMnb]Ktorr6(l«nIlI«g^OOg[e 
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Dollars, 
Half Dollars, 
Quarter Dollars, 



Dimes, 



>* are coined from silver. 



Half Dimes, 

Hrif'cents, \ "' ''"^^ ^""" '^^^'- 

The Mill is never coined. 

S9m The gold for coinage is not pure, but con«iftt8 of 
ff of pure gold, ^ of silver, and -jV o^ copper; or, at 
uflually expressed, 22 carats of gold, ,1 of silver, and 1 of 
copper. A carat being t^ part of the whole. 

The standard for silver is 1489 of pure silver to 179 of 
pure copper; which, in carats, is 21-ftft- of silver, and 
2j^of copper. 

The copper coins are of pure copper. 

By an Act of Congress, approved January 18, 1837, the 
gold and silver coin was to consist of TWV=i"ir pure 
metal, and tWo-=tV alloy. The alloy for silver was to 
consist of pure copper, and the alloy for gold was to con- 
sist of copper and silver, provided that the silver does not 
exceed one half of the whole alloy. 

The weight 6f the Eagle was fixed at 258 grains ; the 
weight of the Dollar was to be 412i grains ; that of the 
Cent was to be 168 grains. 

TABLE OF FEDERAL MONEY. 

10 mills m make 1 cent, et. 

10 cents ^ 1 dime, d. 

10 dimes « 1 dollar, $.* 

10 dollars « 1 eagle, E. 

• The «ymbol $ u orobablT a eombination of tb« letten U. S., written •, to 
Cfoitoicl BtaUt money. 
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m. Ct. 

10= 1 J. 

100= 10= 1 $. 
1000= 100= 10= 1 E, 
10000=1000=100=10=1. 

When is Federal Money used 1 What are iti denominations 1 Which ue eoinai 
iHBfiddl Which from silver 1 Which from copper 1 Which one is naver coined 1 
What toatah are mixed with gold for coining 1 In gold coins, what is the ratio of the 
copper and silver to the goldl What is a carat? What is the standard for silver 
eoioil What is the ratio when estimated in carats 1 Is the copper for copper coins 
ibo aDqyed 1 By Act of Congress, 1837, what fractional part of gold and silver coin is 
pore m^al 1 And what part is alloy 1 Of what metal is the alloy for silvor ? Of 
whet meteb is the alloy for gold 1 What is the weight of the Eagle 1 What it the 
weight of the Dollar 1 What the weight of the Cent ? Repeat the table of Federal 
Money. 

64I* Since the different denominations succeed each 
other in a ten-fold ratio, as in whole numbers and decimals, 
it is plain that the preceding rules for decimals are appli- 
cable to this cunency. The United States was the first, 
and only government, that adopted the decimal division 
for its currency. It is much to be regretted that they 
did not, at the same time, give the decimal division to 
their weights and measures. Notwithstanding the great 
simplicity of the decimal division, a large number of our 
iwchants mark their goods in shillings and pence, and 
some even keep their book accounts in Enghsh currency. 
ITie rates of postage, having been fixed in Federal cur 
mkcy, will do much towards bringing about its universal 
use in the United States. Federal money ought never to 
be treated as consisting of different denominations, since it 
if by far the simplest and best way to consider its denomi- 
nations the same as decimals. To make this more clear, 
ve will give the following table of Federal Money : 
10* 
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lABLF. 

S * b 
« a » ° 

S B * 1 S-'S •§ 

;§ 1 e^ s I ^ 's 

w ® O G . S CS 
'O oa "^ o 'g "t* "TJ 

* i "I s .5 s « i 

^ M ^ D Eh ffi H 

4 4 4 4.44 4=$4444, 44 cents^ t milk 

4 4 4.44 4=:$444, 44 cents, 4 mills 

4 4.44 4=$44, 44 cents, 4 mills. 

4 . 4 4 4=:$4, 44 cents, 4 mills. 

0.44 4=44 cents, 4 mills. 

0.04 4=4 cents, 4 mills. 

0.00 4=4 mills. 

It is customary, in accounts, to use only dollars, dents, 
and mills, so that eagles are expressed in dollars, and 
dimes in cents. 

In what ratio do the diflereot denominations of Federal Honey deereatel AM tfa* 
nies for deelmak applicable to this emrency 1 SbouM Federal Money be (leaitaA M 
deoominate nainb«r*1 In aceoontt, vhich denominations only are nsedl How, 
llien, are Eaglet exp re wed 1 How are Dimes expressed 7 

Thus : 5 eagles and 6 dollars is the same as 56 dollam. 
4 dimes and 5 cents is the same as 45 cents. 
3 dimes 3 cents and 3 mills is the same as 333 mills. 
2 dimes and 2 mills is the same as 202 mills. 
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1 dollar is the same as 100 cents, which is 1000 milk 

2 dollars is the same as 200 cents, which is 2000 mills. 
5 dollars is the same as 500 cents, which is 5000 mills. 
7 dollars is the same as 700 cents, which is 7000 mills. 

56 dollars is the same as 5600 cents, which is 56000 

mills. 
365 dollars is the same as 36500 cents, which is 365000 

mills. 
8456 dollars is the same as 345600 cents, which is 
3456000 mills. 

&c. &c. 

From this we see that dollars are changed into cents by 
annexing two ciphers j cents are changed into mills by 
annexing one cipher, and dollars into mills by annexing 
three ciphers. 

How are donan changed into cents % How aie cents changed into tniili 1 How ata 
doDan changed into mills? 

EXAMPLES. 

1. How many cents in $6 ? Ans, 600. 

2. How many mills in ,13 cents? Ans. 130. 

3. How many mills in $4 and 45 cents ? Ans, 4450. 

4. How many mills in 75 cents and 1 mill ? 

Ans. 751. 

5. How many cejits in $9 and 13 cents ? Ans. 913. 

6. How many mills in $5 and 55 cents and 5 mills ? 

Ans. 5555. 
61 • If we cut off one figure from the right of mills, 
which is dividing by 10, (Art. SO,) the sum will be 
changed into cents ; if from the right of cents we cut of! 
two figures, that is, divide by 100, the sum will be changed 
into dollars ; and if from the right of mills we cut off thre« 
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figures, that is, (firide by 1000, the sum will be changed 
mto dollars. The part eut off will be a decimal portion 
of the denomination to which the sum is changed. 

H0# may miUs be changed to Mnts} How may oents be chaoged ta ^oMan ? Hew 
any vilUs be changed to dollars 1 

EXAMPLES. 

.. How many dollars in 113 cents? Ans, $1-13 

2. How many dollars in 12345 mills ? Ins. $12-346. 

3. How many dollars in 1004 mills? Ans. $1-004. 

4. How many cents in 45678 mills ? 

Ans. 4567-8 cents. 

5. How many dollars in 2456405 mills ? 

Ans. $2456-405. 



. TABLE 

■ 80MB FRACTIONAL PARTS' OF A DOLLAR FRSqUEMTLT U8BD. 



5 cents = 

&}• cents = 

8-i cents = 

10 cents = 

12i cents = 

16| cents = 

20 cents = 

25 cents = 

33-^ cents = 

50 cents = 

100 cents = 



iTsV of a dollar. 
:tV of a dollar. 
:^ of a dollar. 
:tV of a dollar 
'-i of. a dollar. 

of a dollar. 

of a dollar. 

of a dollar. 

of a dollar. 

of a dollar. 

dollar. 
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QUESTIONS WROUGHT By DECIMALS. 



1. Bought 4 loads of wood; the first contained 0*97 
cords, the second contained 1-03 cords, the third contained 
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0^45 cords, the fourth contained 1-005 cords. What did 
the four loads measure ? Ans. 3 95 cords. 

2. In tjie month of May the amount of rain was 3-15 
inches, in June it was 4-05 inches, in July it was 2*97 
inches, and in August it was 303 inches. How much 
lain fell during these four months ? Ans, 13-2 inches. 

3. During three successive days the mean range of the 
barometer was 29-04 inches, 29-61 inches, and 29-73 
mches lespectively. What is the sum of these heights ? 

Ans. 88-28 inches. 

4. Bought a box of raisins for $1-75, one bushel of 
apples for $0-375, one cheese for $3-175, one barrel of 
sugar for $1550. What did the whole amount to? 

Ans, $20-80. 

5. A fanner receives $15-375 for a cow, $75 for a fine 
horse, $3-125 for some potatoes, $5-55 for some poultry.. 
How much did he receive in all? Ans. $9905. 

6. A person bought some velvet for $3-333, some broad 
cloth for $18-75, some silk for 12-50, some cotton cloth for 
$5*405, a shawl for $12-25, some carpeting for $3005 
What did the whole amount to? Ans. $82-288. 

7. A person borrowed $213-375, of which he has paid 
$107-18. How much does he still owe? 

Ans, $106-195. 

8. Bought a cow for $13-25, paid $6-875. How much 
lemains unpaid ? . Ans, $6-375. 

9. What will 185 pounds of coffee cost, at $0-138 pel 
poxmd? Ans, $25-53. 

10. Bought 8-375 cords of wood, at $2-50 per cord 
What did it cost? Ans, $20-9375. 

1 1. What will 121*5 gallons of molasses come to, at 41 
eents per gallon? Ans. $49-815. 
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12. The length of the Erie Canal is 364 miles, aod it 
cost $7143790. What was the average expense of oae 
mile? Ans. $19625-796+, 

13. The Crooked Lake Canal is 8 miles long, andoo^l 
$ .66777. How much is this per mile 1 

Ans, $19597-125. 

14. In 1842, the whole number of children taught in 
the district schooils of the State of New Yoik was 598901 ; 
the whole amount disbursed for common schools was 
$1155419-90. How much was that per scholar? 

Ans, $1-929+. 

15. The salary of the President of the United States is 
$25000. How much is that each day? ^n^. $68-493+. 

16. In one rod there are 165 feet. How many rods in 
3573 feet? Ans. 216*5454+ rods. 

1 7. Bought a farm of 137 acres for $5324. How much 
was that per acre ? Ans, $38-861 +* 

18. If 35 miles of railroad cost $400000, how much 
was the avemge cost per mile ? Ans. $1 1428-57-f. 

19. Suppose a carriage wheel to be 12 feet in circum- 
ference, how many times will it revolve in passing over a 
distatice of 100 miles, there being 5280 feet in a mile ? 

Ans, 44000 times. 

20. If at each stroke of the piston rod of a locomotive 
engine a distance of 13*25 feet is passed over, how many 
strokes must be made in«passing a distance of 93 miles ? 

Ans, 37059-62+- times. 

21. In 1845, the revenue or interest from the Schoal 
Fund of the State of New York was $86828-96. During 
tlie same year there were employed 7 1 47 teachers. If the 
above sum were equally divided among those teachers, 
what woidd each one receive? Ans, $12149+. 
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7X In 1844, the whole number of school districts of 
New York was 10990, and the whole number of children 
in said districts, between the ages of 5 and 16 years, wai 
606548. What was the average number for each district ! 

Ans. 63-38, nearly. 
2^. In New York, the total number of volumes in the 
tlOlS school district libraries was 1145250. What was 
the average number for each library ? 

Ans, 103'i4+ /olumes. 

24. In one mile there are 1760 yards, and in one ro^ 
there are 5^=5*5 yards. How many rods in one mile ? 

Ans. 320 rods. 

25. If light passes 191515 miles in a second, how many 
seconds will it require to pass from the sun to the earth, a 
distance of 95500000 miles 1 Ans, 498-65+ seconds. 

26. If a cubic inch of pure water weigh 252*458 grains 
avoirdupois, of which 7000 make one pound, what is the 
weight of the Imperial or English gallon, which contains 
277-2'^4 cubic inches ? 

Ans J 70000039492 grains, 
^^' ( 10000005 pounds, nearly. 
27 If one Imperial gallon contain 277*274 cubic inches, 
how many cubic inches in 8 gallons or one bushel, and 
kow many cubic feet of 1728 inches each? 

^^ i 2218-192 cubic inches, 

( 1-283 « feet, nearly. 
5i8. If one cubic inch of pure water weigh 252*458 
fVtana avoirdupois, how many grains will 1728 cubic 
hiehes, or one cubic foot, weigh, and how many pounds 
of 7000 grains each? 

Ans \ 436247-424 grains, 

' I 62*32106 pounds, nearly. 
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29. A farmer sells his butter for $0-21 per pound, re» 
ociving $1613'22. How many pounds did he sell ? 

Ans, 7682 pounds. 

30. The butter mode from the milk of 53 cows during 
the summer, being sold for $0*20 per pound, broiight 
$1579*40. How many pounds were sold, and what wai 
the average produce of each cow ? 

. k Amount sold 7897 poimds. 
I Average per cow 149 " 

31. In a dairy of 46 cows, suppose each averages 2*5 
gallons of milk daily, and that each gallon produces 1-1 
pounds of cheese, how many pounds will be thus made 
5 7 months of 30 days each ! Ans, 21631*5 pounds. 

32. A farmer sold as follows : 

15127 pounds of cheese, at 6*75 cents per pound, 

400 « « butter, « 15 « « " 

2400 « *' pork, « 5 " « « 

63 bushels of wheat," 125 « « bushel, 

73 « " barley, « 50 ^ u u 

231 " « com, « 50 " « « 

262 « « oats, « 30 '' « " 

What did the whole amount to? Ans. $1497*9225. 

03« To find the value of articles estimated by the 100 
or 1000. 

What is the value of 9425 bricks, at $325 per 1000 ? 

Had the price been $3*25 for each brick, we should 
multiply the price per brick by the number of brinks : 
that is, $3*25 by 9425 ; or, what is the same thing, we, 
for convenience sake, make the true multiplicand the 
multipher, as in the following 
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This value of $30631-25 is evidently 1 000 
times too much ; therefore, to obtain the true 
value, we must divide it bj 1000, which is 
done, (Art. S7,) by removing the decimal 
point three places to the left ; it will then be- 
come $30-63125. Had they been $3-26 per 

t 30631'25 100, then, instead of removing the decimal 
point three places to the left, we. should have 

removed it two places. Hence we have this 



•ifSUTION. 

9425 
3-25 

47125 
18850 
28275 



RULE. 



Multiply the number of articles by the number expressing 
the price per 100, or 1000, and from the product cut off two 
of the right-hand fgures when the articles are estimated by 
the 100. and three when they are estimated by the 1000. 



EXAMPLES. 

1. What is the value of 1300 feet of hemlock boasda, 
at$5-50per 1000? 

OPERATION. 

1300 
5-50 



65000 
65 

$ 7-15000 

In this product we set oflf five figures for decimals ; two 

Recording to Art. tS3, and three more because the artidei 

I are estimated by the 1000. 



11 
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2. What is the value of 675 feet of clear pine stufl^ at $25 
per 1000? Ans, $16-875. 

3. What is the value of 11035 feet of timber, at $2*25 
per 100? Arts. $248*2875. 

4. What is the value of 90422 brick, at $3-75 pet 
lOpO? Ans, $3390825. 

f 5. What must be paid for lajdng 875, brick, at $3*25 
per 1000? . Ans. $284375. 

6. A. compositor worked nine months, and during that 
time set up at the rate of 7000 m's per day. How many 
thousand m's did he set up, reckoning 25 working days to 
the month 1 and how much did he receive at 15 cents per 
1000 m's ? , Ans. 1575 thousand m's. 

$236 -25 amount he received. 

7. Add together the following fractional parts of a 
dollar: ^, ^, Jj, J^, |, }, |, i, i, |. (See Table under 
Art. 61.) Ans. $1.87-jiy. 

8. A man in balancing his family accounts for one 
year, found his expenses as follows : for January, $98-41 j 
for February, $81-33; for March, $10228; for April, 
$125-26; for May, $74-38; for June, $7347; for July, 
$65-98; for August, $8721; for September, $70 34; for 
October, $12208 ; for November, $79-68 ; for December, 
$52-77. His salary was $1050 per annum. What had 
he left at the end of the year ? Ans. $16-8L 

9. A butcher, a shoemaker, and a tailor gave orders on 
each other in the way of their business, and at the end oif 
a year settled accounts. The butcher's bill against the 
tailor was $61-84 ; against the shoemaker, $39-44. The 
shoemaker's bill against the butcher was $24*30 ; agaiqst 
the tailor, $19-15. The tailor's bill against the butchei 
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was $42-07; against the shoemaker, $39-39. Who 
received balances in cash 7 

Ans, Butcher received from tailor, $19-77» 

« " *' shoemaker, $15-14. 

Tailor '' « " $20-24. 

KwE.— By an Act of Congress passed Feb. 20, 1849, the Dov^k 

Sagle and the Gold Dollar were added to the Gold Coins of the 

United States. The art directing the coinage of these pieces is to 

be in force unUl March 4, 1851. See Art. 58. 



DENOMINATE NUMBERS. 

64:« A SIMPLE NUM6EE Is an expression for a certain 
number of units having no reference to particular things. 
Thus 37 is the same as 37 times one, abstractly con- 
sidered; that is, considered apart from anything that 
tmits might represent. It does not mean 37 times a 
pound, foot, dollar, or anything else. 

A DENOMINATE NUMBER is an cxpressiou for a certain 
number of units having reference to particular things. It 
denominates what things are meant. Thus 8 yards is a 
denominate number whose unit is 1 yard ; 8 dollars is a 
denominate number whose unit is one dollar. 

Several numbers of different denominations are fre« 
qdwitly grouped together, as 6 feet 3 inches. 

All our different kinds of weights and measures are 
denominate numbers. It is much to be regretted that we 
tre obliged to employ such a variety of different measures 
vhen the same end would be accomplished by one meas- 
ure for weight, and one for each of the three geometrical 
magnitudes, lengths, surfaces and 8olids,and one for time 
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The French government have adopted such a system of - 
weights and measures, graduated on the decimal scale of - 
notation. 

In multiplication, the multiplicand being repeated a cer- 
tain number of times, or a certain fraction of a time, when 
the multiplier is a fraction, it follows that the multipli«r, 
considered as a multiplier, must always be regarded as a 
simple or abstract number. And since the product is a 
repetition of the multiplicand, it must be like ihe multi- 
plicand ; that is, if the multiplicand is an abstract num- 
ber, the product will be an abstract number ; if the multi- 
plicand is a denominate number, the product will be a 
denominate number of tne same kind. 

In division, the quotient showing how many times the 
divisor is contained in the dividend, or what fmction of a 
time when the divisor is greater than the dividend, it fol- 
lows that the quotient must be regarded* as sm abstract 
number ; and that the divisor and dividend must be alike. 

Note. — In many cases, however, the process of division is rathe; 
the dividing of a dividend into as numy equal parts as are indicated bp 
ihe divisor ; in which case, the quotient, expressing the units in one 
of those parts, is of the same kind as the dividend, while the divisor 
is to be regarded as an abstract number. See Example, Art, S6« 

What i« a simple number ? What is a denominate number ? What kind of non^ 
ben are all our different weights and measures ? What is said of the French measures t 
In multiplieation, can the multiplin ever be a denominate number 7 Are the ptoiutA 
and multiplicand always alike 1 What is said of the quotient? What la wuA in 
the note 1 

The following are some of the most important tables of 
weights and measures at present employed in this country. 

ENGLISH MONEY. -v 

Wi. The denomination of English money ar^ Fa^ 
things, Pence, Shillings, and Pounds. 

The pound sterling, which was not a cpin, but a bank 
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note of 20 shillings, has now gone into disuse, and a gold 
cam, called a Sovereign, supplies its place ; but the name 
pound is still given to 20 shillings. 

TABLE.* 

4 farthings, far, make 1 penny, d, 
1 shilling, s. 
1 pound, £, 



12 pence 


u 


20 shillings 


a 


far. 


d. 


4= 


X s. 


48= 


12-- 1 



960=240=20=1 ^ 

Note.- -Farthings are sometimes expressed in fractions of a 
pomy, as follows: 1 farthing=i^., 2 farthings = id, S farthings 

What are the denominations of English money 1 Which denomination is nevei 
coined 1 What gold coin is equivalent in value to one pound 1 Repeat the Table. 
Biw 19 fartbings sememes expressed 7 



TROY WEIGHT. 

66« The original of all weights used in England was 
ft grain or com of wheat, gathered out of the middle of 
the ear ; 32 of these, well dried, were to make one penny- 
weight, 20 pennjrweights one ounce, and 12 ounces one 
pound. But in latter times, it was thought sufficient to 
iivide the same pennjrweight into 24 equal parts, stia 
called grains, being the least weight now in common 
ttse. 

Coins^ precious metals, jewels, and liquors, are weighed 
by Troy weight. 

* The fall weight and value of English gold and sii «er coin are as in the succeeding 
table, »0(«. j-^ 
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TABLE * 

24 grains gr. make 1 pennyweight, pwt 
20 pennyweights " 1 ounce, oz. 

12 ounces ^ 1 pound, lb 

gr, pwU 
24= 1 oz, 
480= 20= 1 II 
5760=240=12=1 

What wu the original of all wei^ts used in En^and ? How was the giain ob- 
tained 1 Ii it itill used as a weight 1 What lubstancet are weighed by Troy 
weight ? Repeat the Table. 

APOTHECARIES* WEIGHT. 

67. This weight, as its name would imply, is used in 
weighing medicines in small quantities, as for presci^)- 
tions. But drugs and medicines in gross are bought and 
sold by Avoirdupois Weight. Tne pound and oimce 
Apothecaries' Weight are the same as in Troy Weight. 



Name or Cow. 


Value. 


Weight. 




£ ». d. 


pvUgr. 




' A guinea, 


1 1 


6 91 




Half guinea. 


10 6 


2 16| 


Gold. ^ 


Quarter guinea, 


5 3 


1 8} 




Sovereign, 


10 


5 3,»T 




-Half sovereign, 


10 


2 13,V 




' A crown. 


5 


18 4^ 


Silver. -^ 


Half crown. 
Shining, 


2 6 
10 


9 2A 
3 15^ 




I Sixpence, 


6 


1 19t\ 



* This scale of weights is said to havo been borrowed originally from 7V«y«« fai 
Ffance--bence Its name. Sorae, bowever, tontend that th» itamsrlias refimeM* f» 
the monkish tiUe given to London, of TVcy J^ovant 
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TABLE 

20 grains ^r. make 1 scruple, 3 
3 scruples " 1 dram, 3 



8 drams " ' 1 ounce, 


? 


12 ounces " 1 poimd. 


fe 


gr. 3 




20= 1 3 




60= 3= 1 ? 




480= 24= 8= 1 ib 




6760=288=96=12=1 





18? 



Fbr what purpose it Apothecaries* Weight used 1 
Horn Troy Weight? 



Do its pound and cmieeiMAi 



AVOIRDUPOIS WEIGHT. 



68. By this weight are weighed al things of a coaise 
or drossy nature, as bread, butter, cheese, flesh, groceriei 
and some liquids ; all metals, except gold and silver. 



TABLE. 



16 drams dr. 


make 1 ounce, 




oz. 


16 oimces 


a 


1 pound. 




lb. 


28 pounds 


u 


1 quarter, 




qr. 


4 qiiarters 


u 


1 hundred 


weight, 


ewt. 


20 hundred weight " 


1 ton, 




T. 


dr. 


oz. 








16= 


1 


lb. 






256= 


16= 


1 qr. 






7168= 


448= 


28= 1 


cwt. 




28672= 


1792= 


112= 4= 


1 T. 





573440=35840=2240=80=20=1 



d by Google 



J 



128 BLEM£NTARY ARITHMETIC. 

The pound Avoirdupois contains 7000 grains. 

From the preceding table, it will be seen that* 1 12 pcundt 
instead of 100, are called one hundred weight. In moat 
cases however the hundred .weight is taken equal tc 100 
.pounds, and 25 pounds, instead of 28, is called a quart en 
Coal merchants in buying coal receive 112 pounds for a 
hundred weight, and 20 hundred weight for a ton, making 
2240 p »unds ; but thej retail it at 2000 pounds for a ton. 

What substances are weighed hj Avoirdupois Weightl Repeat the Tabte. By 
this weight how many pounds make one hundred weight 1 In most cases how i 
pounds make a hundred weight ? How is coal usually bought and sold ? 



LONG MEASURE. 

60* It is usual, at the present time, to derive the me«c8< 
ure of length from that of a pendulum vibrating once in a 
second of time. The length of such pendulums will vary 
for different latitudes, as here given. 

Lknoth in UrCHBS. 

39-01612 
3907815 
39-10120 
39-12929 
3913929 
39-21820 

The French govemment derive their linear unit of 
measure from one quarter of the circumference of a great 
circle of the earth passing through the poles. Having 
determined bj actual surveys the length of that portion of 
such a circle comprised between the parallels of Dunkirk 



Placks. 


La 


TXTUDBS. 


Equator, 


Oo 


0' 


0' 


Cape of G. H., 


, 33 


55 


15 


New York, 


40 


42 


43 


Paris, 


48 


50 


14 


London, 


51 


31 


8 


The Pole, 


90 
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and Barcelona, thej deduced its entire length from the 
equator to the pole, and took one ten millionth part of it 
for a metre. This method gave for the French metwi 
39-37079 English inches, equal 3-2809 feet, nearly. 

TABLE. 

3 barleycorns 6ar.*make 1 inch, in. 



12 inches 




u 


1 foot. 


ft- 


3 feet 




« 


1 yard. 


yd. 


5^ yards 




(( 


1 rod, perch. 


or pole, rd. 


40 rods 




u 


1 furlong, 


fur. 


8 furlongs 




(( 


1 mile. 


fTlt. 


3 miles 




<( 


1 league. 


L. 


t69f miles, nearly 




(( 


1 degree, 


deg. or ". 


in. 


A 








12= 


1 




yd. 




36= 


3 


— 


1 rd. 





198= 16i= 5i= IJur. 
7920= 660 = 220 = 40=1 mi. 
63360=5280 =1760 =320=8 = 1 

From ishat i« the measure of length, at the present timej usually derived 1 MaittiMi 
At lengths of the second's pendulum for the places given ahove. How do the Frmdl 
teive their measim of length 1 How is their metre obtained ? What is its lei^ 
hEigUshiaobee? What is the length in feet 1 
I the Table of Long Measure. 



* This measure has fallen into disuse, and for rawll poitieoa ef tn fad^ W9 wm 
IM-eighth, one-tenth, and one-sixteenth. 

t The latest measurements give the equatorial diameter of the earth equal to 
19^*648 miles, and its circumference equal to 34099 miles, whieh^^videdbySBIV 
givM the length of a degree 69^ miles, neqrlj. The circnmference correqKmdii^ 
<rftfa the equator is nearly circular, «;rhile the circumference pastfng through the polee 
MtllipticaL 
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yO. CLOTH MEASURE. 

TABLE. 



2-}- inches in. 


make 


1 nail, iMi. 


4 nails 


(( 


1 quarter of a yard, qr. 


3 quarters 


(( 


1 Ell Flemish, E.Fl 


4 quarters 


u 


1 yard, yi. 


4 qr.li in. 


a 


1 Ell Scotch, E.S. 


5 quarters 


a 


1 Ell English, E.E. 


6 quarters 


li 


1 Ell French, E. Fr. 



Repeat the Table c f Cloth Measare. 

SQUARE MEASURE. 

71. This measure is used for estimating artificers' 
work, such as boards, glass, pavements, plastering, floor- 
ing, painting, and any other kind of work where length 
and breadth only are concerned. It is always employed 
for measuring land, and for this reason it is sometimes 
called Land Measure. 

A square is a figure having four equal sides, and all its 
angles right, that is, the sides are perpendicular to each 
other. 

If the length of one of the 
sides is one inch, it is called 
a square inch. If the length 
of one of the sides is one 
foot, or 12 inches, it is called 
R square foot, which by the 
adjacent %ure we see is 
composed of 12x12=144 
square inches. 

In a similar manner, if we 



1 foot=12 inches. 
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had a square, each of whose sides was 3 feet, then it 
would contain 3x3=9 Sq, feet, which is called one square 
yard, since 3 feet=l yard. 

TABLE. 

144 square inches /S^. tn. make 1 square foot, Sq,ft 
9 square feet " 1 square yard, Sq. yd. 

30-}- square yards " 1 square rod or pole, P. 

40 square poles " 1 rood, R. 

4 roods " 1 acre. A, 

•640 acres ** 1 square mile. M. 

Sq. in. Sq.ft. 
144= 1 Sq. yd. 
1296= 9=1 P. 

39204= 272i-= 30^= 1 R. 
1568160=10890 =1210 = 40=1 A. 
6272640=43560 =4840 =160=4=1 

In measuring land, Gunter's chain is used ; its length is 
4 rods, or 66 feet. It is divided into 100 links. 



T-iWr inches 




make 


1 link. 


4 


100 links, or 4 rods, or 


66 feet. 


(( 


1 chain. 


e. 


80 chains 




(( 


1 mile. 


m. 


10000 square links 




u 


1 square 


chain. 


10 square chains 




a 


1 acre. 


A. 



What we ii made ofSquare Meamn t When employed in measuring land, bow ia 
ll«Bad1 What it a aqnaiel When a Mitiaie ki one faich on each side how b it 
alai 1 When it ia one foot or 13 inches on each side how is it called 1 vVhen it ia 
Ml jaid on each side how ki it oalled 1 Bepeat the Table of Square Measure. In 
had Measure, with what are the sidei of the field usually measured 1 How long is 
ftiachaini Bepeat the Table of Land Measure. 

* The acre is in an cases applied to surface or area. There is no inch thing as an 
asm loDf^ or a cubic acre, fi is (^ such a magnitude as not to admit at being 
aeearatdy giren in the form of a square, having the sides exactly determined. Tb« 
■une remadcs are applicable to the rood. 
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SOLID. OR CUBIC MEASURE. 

73, This is used in measuring all bodies where we 
nave regard to length, breadth, and thickness, such ai 
earth, stone, timber, &c. 

A Cube is a solid bounded by six equal squares, resem- 
bling a common tea-chest. 

If the sides of a cube are 
each one inch long, it is called 
a cubic inch. If each side is 
one foot, it is called a cubic 
foot. If a side is one rod, it is 
called a cubic rod. 

In the adjoining figure we 
have endeavored to represent 

a cube, each side of which is 3 feet, or one yard, and con- 
sequently it is one cubic yard. 

The top, which is equal to the base, contains 3 x 3=9 
square feet ; hence, if this was only one foot in height, it 
would contain 9 cubic feet ; but as it is 3 feet in height, it 
must therefore contain 3 times 9=27 cubic feet Hence, 
one cubic yard is equivalent to 3 X 3 x 3=27 cubic feet. 

In the same way one cubic foot is equivalent to 12 x 
12 X 12=1728 cubic inches. 

TABLE. 




1728 solid inches S. in. 




make 


solid foot, 


S.Ji 


27 solid feet 




a 


1 solid yard, 


S.fd. 


•40 feet of round timber oi 


! 


u 


1 ton, 


7W 


50 feet of hewn timber 




128 soHd feet 




u 


1 cord of wood, C 



• A ton of round timber ii to much as, when hewed, »hall make 40 cable Ibet 
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A pile of wood 4 feet wide, 4 feet high, and 8 feet long, 
will make one cord. One foot in length of such a pile is 
sometimes called a cord foot. It contains 16 solid feet ; 
consequently 8 cord feet make one cord. 

Fbr what is Solid Meanira used 1 What is a Cube 1 In a cobie yard bow many 
mkh feet 1 In a cubic foot how many cubic inches 1 How many eubie feet ol 
•Dond timber make a ton 1 How many of hewn timber ? How many eobio feel 
■tke a cord of wood 1 Explain what is meant by a cord foot. 



WINE MEASURE. 
73* By this are measured all liquids except beer. 



TABLE, 



4 gills gi, make 
2 pints " 

4 quarts " 

31i gallons « 

63 gallons " 

2 hogsheads " 
2 pipes " 

gi. pt. 
4= 1 qt. 
8= 2= 1 
32= 8= 4=: 
.008= 252= 126= 
2016= 504= 252= 
4032=1008= 504= 
8064=2016=1008= 



1 pint, 
1 quart, 
1 gallon, 
1 barrel, 
1 hogshead, 
1 pipe, 
1 tun. 



pt, 
qt 

gal 
bar. 
hhd, 

pi 
tun. 



gal 
1 bar. 

31i=l hhd. 

63 =2=1 pL 
126 =4=2=1 tun. 
252 =8=4=2=1 



The wine gallon contains 231 cubic or solid inches. 

What Uqnidi are measured by Wine Measure 1 Repeat the Table How 
cubic inehes in the wine gallon 1 
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74. 



ALE, OR BEER MEASURE. 



TABLE. 

2 pints pt. make 1 quart, qt 

4 quarts '* 1 gallon, gal, 

36 gallons ^ 1 barrel, bar. 

H barrels '^ 1 hogshead, hhd. 
pt qt 
2= 1 gal 
8= 4= 1 bar. 
288=144=36=1 hhd. 
432=216=54=4 = 1 

The beer gallon contains 282 cubic or solid mchea. 

What b mMnirad by B«er Measure 1 Repeat the Table. How many cubic laalN 
inthebeergallool 

DRY MEASURE. 

TSm By this are measured all dry wares, as grain 
seeds, roots, fruits, salt, coal, sand, oysters, &c. 



TABLE. 



2 pints pt. 
8 quarts 
4 pecks . 
•36 bushels 


make 1 quart, 
« 1 peck, 
« 1 bushel, 
« 1 chaldron, 


qt. 
pk 
bu. 
ek 


pt. 
2= 
16= 


qt 

1 pk. 

8= 1 hu. 




64= 


32= 4= 1 ek. 




2304=1152=144=36=1 





• In the United States 38 boihebsrl efaaldnub 
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By the English statute the dry gallon must contain 
26&|- cubic or solid inches. The com or WinchesteJ 
bushel must contain 2150f cubic or solid inches. This 
measure is of a cylindric form, 8 inches deep and 18-^ 
inches in diameter. 

By an act of Parliament, which took effect the 1st c( 
January, 1826, the imperial gallon of 277*274 cubic inches 
was adopted as the only gallon. This gallon was to 
consist of 10 pounds, avoirdupois, of distilled water. 

Note. — If we divide 1728, the number of cubic inches in one 
cubic foot, by 277*274, the number of cubic inches in the gallon, 
we shall obtain 6*2321 for a quotient, which is the number of gallons 
in one cubic foot. Multiplying 6*2321 by 10, the number of pounds 
in one gallon, we obtain 62-321 for the number of avoirdupois 
pounds in one cubic foot of water. In one avoirdupois pound 
there are 7000 grains, and in 10 pounds there are 70000 grains. 
But 10 pounds is the weight of one gallon, which contains 277*274 
cubic inches. Hence, dividing 70000 by 277*274, we find 252*458, 
the weight in grains of one cubic inch of water. 

According to the Revised Statutes of the state of New 
York, a cubic foot of distilled water, when estimated 
under {^escribed circumstances, is to consist of 62^ 
pounds, or 1000 ounces avoirdupois weight. Eight 
pounds of such water is to constitute the gallon for 
liquid measure, and ten pounds is to make the gallon for 
dry measure. 

What artielet are meatored by Dry Measure 1 Repeat the Table. How many 
toiiie inebes in the dry gallon, according to the English statute 1 How many cubio 
laches in a boshel 1 What is the form and dimensions of the Winchester bushel 
Masnra 1 How many cubic inches in the English imperial gallon 1 The imperial 
fsllon contains how many pounds of dbtilled water 1 One cubic foot of water weighs 
hew many vnMnp»i$ pounds 1 How many Troy pounds 1 One cubic inch oi 
vata weighs how many grains 1 How many pounds of water constitute the dry gal- 
lon, according to the Revised Statutes of New York 1 How many pounds make the 
iiqvid gallon 1 
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76. 



TIME. 



TABLE. 



60 seconds 


sec. 


make 


1 minute, mift 


60 minutes 




a 


1 hour, k 


24 hours 




« 


1 day, da 


7 days 




a 


1 week, wk 


4 weeks 




u 


1 month, tno. 


13 mo., 1 da.3 
365 da., 6 hr. 


6hr., or 




1 Julian year, yr 



sec, tntn, 

60= 1 Ar. 

3600= 60= 1 da. 
86400= 1440= 24= 1 wk, 
604800= 10080= 168= 7 = 1 yr. 
31557600=525960=8766=365J=52A=1 

The true length of the solar year is 365-242217 dayg 
or about 365 da. 5 hr, 48 m. 47| sec. 

The civil year is also divided into 12 calendar months 
as follows : 



DATS. 

1 month, January, .... 31 

2 '* Febraaiy, . . . .28otS9 

3 ** March, 31 

4 « April, 30 

5 " May, 31 

6 ** June, 30 



•AT*. 

7 month, July, 31 

8 *< Au^rost, 31 

9 " September, ... SO 

10 *" October, 31 

11 " Novembar, . . 30 

12 *« December, . .31 

30S«lr30l 



If the year exceeded 365 days by 6 hours exactly, then 
once in four years these hours would amount to another 
day. Hence, once in four years, an additional day is given 
to the month of February ; and such years are called 
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fiissextile or Leap years. But, since this excess is not 
quiie 6 hours, this rule of adding one day to February every 
•burth year is interrupted, and the centennial years, which 
ire not divisible by 400, are regarded as common years.* 

Hence, any year, (except a centennial year,) which ii 
divisible by 4, is .a Leap year, or consists of 366 days. 

Centennial years which are divisible by 400 are regarded 
as Leap years ; all others are considered as common years. 

1796, 1804, 1808, 1812, 1816, 1820, 1824, 1828, 1832, 
1836, 1 840, were all Leap years. 1 800, not being divisible 
by 400, was a common year of 365 days ; the same may 
be said of 1900 ; but the year 2000, being divisible by 400, 
will be a Leap year. 

The number of days in the respective months may be 
ificalled by recollecting the following versification : 

Thirty days hath September, 
April, June, and November- 
All the rest have thirty-one, 
Excepting Febraaiy alone, 
Which has but twenty-eight in fine, 
Till Leap Year gives it twenty-nine. 

Bq»at the Table for Time. What ii the len^ of the solar year to the nearect 
Meoodl What is the more aoeurate value in decimals 1 Into haw many calmidai 
oenthi is the civil year divided 1 Bepeat their names and the number of days be- 
hmfing :• each. How often in general b an additional day added to February 1 
What «• sueh years *tylfBd ? Is the rule of counting evevy fourth year Ijoap year 
eoirectl Are centennial yean, which are not divisible by 400, Leap years? Was 
ffiOO a Leap year 1 Mention Ute next preceding and next following Leap year to 1800. 

It is very desirable to be able readily to determine the 
•\unber of days from any particular date to any other data 
For this purpose, we will give the following 



* There is still a further modification whfch takee place at the end of every 1000 
Man, which it is unnecessary to explain in this place. 
12* 
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TABLE, 

■HOWIMa THB MUMBBB OP DATS FROM ANT DAT OP ONB MONTH TO TUB BAMM 
DAT OP ANT OTHBB MONTH IN THB SAMB TBAB. 



rllOM *irT 

DAT OJ^ 



January, 

April, 
Mav, 

June, 

JtTLVj 

Septemjier, 
October, 
Kqtkwber, 
December, 



TO Tav EAt/iE axY op 



Jui.]F%b. Mat. Ap'l Jitijf fJunii'JuSj At(,|Bepl,l Otl^ Km 



365 
334 

945 
2U 
194 



31 
30G 



59 
334 



276 304 
345 273 
215',243 
153 IM 312 
13-2 1531181 
9:2*li>3'l5l 
eil 92' 130 



90 

5y 

31 
3G5 
335 
304 
274 
iM3 
212 



IGO 

Bi\ 

Gl 

30 

3G5 

334 

304 

273 

243 



151 

120 

92 



131 
150 



212 243 273 304 
181212 342 273 



l22 153|lfl4|2U|245 



Gl' 91 



331 
303 

376 



31 
365 
335 
301 



61 

30 

3G5 

334 



tS2'l53 183'314 214 
92; 132153 
eil 92 1 
31! 



62 
3651 31 
273!303i334 3fJ5 
243373^304 335 3C5 
312 312 273 3IM '334 



181J3J2 
151:181 
31 1 03i 90, 131 1 151 1 183, 212:243 ;274, 304 



"l 



^|i 



184J2I4 
53383 



1 

123 
92 
Gl 
31 

365 

335 



153 
1^ 

91 

61 

30 

365 



As an example, suppose we wish the number of days from 
November 6th to the 15th of iiext April. We find No- 
vember in the left-hand vertical column, and April at the 
top line of the table, and at the intersection we find 151 
days. So that from November 6th to April 6th is 151 
days ; consequently, adding 9, we find 160 for the number 
of days between November 6th and April 15th. 

This table is constructed on the supposition of 28 days 
to February. When there are 29 days in February tha 
proper allowance must be made. 



EXAMPLES. 



.. How many days from May 3d to the 4th of the next 
fuly? Ans. 62 days. 
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DENt>HINA.TE KIIMBfiRS. 139 

1 How many days from July 4th to the 25th of the 
next December? Ans, 174 days. 

3. How many days from March 21st to the 23d of the 
next September? Ans, 186 days. 

4. How. many days from September 23d to the 21st of 
the next March? Ans. 179 days. 

5. How many days from June 21st to the 22d of the 
lext December? Ans. .84 days. 

d Bow many days from December 22d to the 2lst of 
the next Jime? Anf. 181 days. 

7. How many days from March 21st to the 21st of the 
neirt-June? ^n^. 92 days. 

8. How many days from Jan. 13th, 1848, to September 
I7th of the same yeetr ? Atis, 248 days, 

OiRCULAR MEASURE. OR MOTION. 

T7. By this is estimated Latitude and Longitude, and 
the motion of the heavenly bodies which appear to move 
ia circles. Every circle, whether great or small, is divided 
mto 360 degrees. 

TABLE. 



O' 



60 seconds '*.... make 1 minute, 

60 minutes ' " 1 degree, 

30 degrees ...... ^ 1 sign, s. 

12 signs or 360<5 .... * 1 circle, cr. 



60= 1 o 
3600= 60= 1 s. 
108000= 1800= 30= 1 cr. 
1296000=21600=360=12=1 



dbyGodgle 
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The sun appears to pass completely around the earth 
in 24 hours, that is, it appears to move westvrard ove^ 
360^ of longitude in 24 hours. Consequently, in one hour 
it will move over ^ of 360°= 15° of longitude. Hence, if 
the difference in the longitudes of two places is 15^, it 
will he noon at the more easterly place, just one hour 
before it is noon at the other place. And in all cases, the 
difference in time of any two places will be at the rate c^ 
one hour for every 15° of longitude between the two 
places. As an example, suppose the city of Washington 
to be 77° west <rf Greenwich : it is required to find what 
time it is at Washington, when it is noon at Green* 
wich. 

Dividing 77° by 15° we have 5 iV f(» the number oi 
hours difference in time, that is, 5h. 8m. And as the ap- 
parent motion of the sim is westward, it must be earlier at 
Washington than at Greenwich. Therefore, when it is 
noon at Greenwich, it is >5h. 8m. before noon at Wash- 
ington ; that is, it is at Washington 6h. 52m. A. M. 

What use is made of Cirealar Motion 1 Into how many dagreei an all cfadM 
■upposed to be divided 1 Repeat the Table. Over how many degrees of longitnde 
does the tun appear to move in 34 houni Over how many degreee io 1 bourl 
What is the diffidence of time corresponding to 77^ ? When it is noon at Greanwids 
what time is it at Washington, 77° we«t of Greenwich 1 

78* Measures, &c., not included in the foregoing 
tables. 

6 points make 1 line ( used in measuring length of 
12 lines ^ 1 inch c clock pendulum rods. 
4mches « 1 hand i ^ed in measuring the height 
c of horses. 

6 feet « 1 fathom \ ^^ ^° measuring depths at 
C sea. 
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12 individual things make 1 dozen. 

12 dozen . . . . " 1 gross. 

12 gross ** 1 great gross. 

20 individual things " 1 score. 

24 sheets of paper . " 1 quire. 

20 quires ^ 1 ream. 

.12 pounds . . . . " 1 quintal of fish 

20C " « 1 barrel of pork or heet 

196* " . . . • « 1 barrel of flour. 

ftepMt the alnyveteblei. 

BOOKS. 

yO« A' sheet folded into two leaves is called a folio. 

" folded into four leaves is called a quar.o, 
or 4to. 

" folded into eight leaves is called an oc- 
tavo, or 8vo. 

" folded into twelve leaves is called a duo- 
decimo, or 12mo. 

** folded into eighteen leaves is called an 
18mo. 

^\n>eD a sheet ia folded into two leaves what is it called 1 How called when folded 
htofoor learest How, when folded into ei^t leaves 1 Hew, when folded into 
lMlp» leaves 1 Sow, when folded Into eiffateen leaves 1 



REDUCTION. 



80. Reduction is the changing of numbers from one 
name or denomination to another, without altering their 
ndue. 
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142 ELEMENTARY AE1TH»»ET1C. 

When the denominations are to be reduced from a 
higher denomination to a lower, it is called Reductum 
Descending ; but when they are to be reduced from a lower 
to a higher denomination, it is called Reduction Ascending, 

REDUCTION DESCENDING. 
Let it be required to reduce £7 5s. 10 J. Sfar. to farthing* 

OPERATION. 

7 the number of pounds. 
Multiply by 20, the number of shillings in one pound. 

140 product in shillings. 
Add 5 shillings. 

145 the number of shillings. 
Multiply by 12, the number of pence in one shilling. 

290 , 

145 ^ 

1740 product in pence. 
Add 10 pence. 

1750 the nmnber of pence. 
Multiply by 4, the number of farthings m one penny. 

7000 product in farthings. 
Add 3 farthings. 

7003 the number of farthings sought 
From the above operation, we readily deduce this geneial 

RULE. 

Multiply the number in the highest denomination by tki 
number indicating how many of the next lower make one in 
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REDUCTION OP DENOMINATE NUMBERS. 143 

^ higher; to this product add the number , ifony^ belonging 
to this lower denomination ; we shall thus obtain an equiva- 
Imt vidue in the next lower denomination. 

IL Proceed in a similar way for all the successive de 
wminations ; the last result wiU be the number sought. 

Wlut it Reduction 1 When is it called Descending t And when Asoendiof 
lipnt tb» rote for Rfldoction Desoenditig. 

REDUCTION ASCENDING. 

81. Let it be required to reverse the last example, that 
is, to find the number of pounds, shillings, pence, and 
farthings, in 7003 farthings. 

We must obviously perform a reverse operation to that 
peifonned under Reduction Descending. 

• OPERATION. 

far. 
4 )7003 

1760(i. 3/ar. remainder. 

d. s. 
12)1750(145 
12 

55 

70 
60 

lOd. remainder. 

a i|0)14|5 

£7 5s. remainder. 
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144 BLEMENTAKT ARITHMETIC. 

Collecting results, we have 7003 farthings, equiTateni 
to £7 5s. lOd. dfar. 

EXPLANATION. 

First, we, divide the number of farthings, 7003, by 4^ 
because 4 farthings make onepennj; the quotient k 1756 
pence, and 3 farthings remaining. 

Secondly, we divide the number of pence, 1750, by 12, 
because 12 pence make one shilling ; the work being per- 
formed by Long Division, we get for the quotient 145 shil- 
lings, and 10 pence remaining. 

Thirdly, we divide the number of shillings, 145, by 20, 
because 20 shillings make one pound ; cutting off the ci- 
pher from the right of 20, and the right-hand figure from 
the dividend, (Art. 30,) we perform the work by Short 
Division, and obtain the quotient, 7 pounds, and 5 shillingi 
remaining. 

We may, therefore, deduce this general 



RULE. 






/. Divide the given number by as many of its denamtruh 
Hon as make one of the next higher; write dovm the quotient 
and remainder y if any, 

IL Divide the quotient by as many of its denomination 
as make one of the next higher; write this new quotient and 
the remainder as before. 

III. Proceed in this way through all the denominations t§ 
the highest, and the quotient last found, together with tki 
several remainders, if any, will give the value sought. 

Repeat the Role for Redaetien Aieendiiiff. 
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EXAMPLES. 

I. In £47 5^. 2d 1/ar., how mcmj farthings t 

OPERATION. 

£47 6^. 2i. 1/ar. 
20 

945 shillmgs. 
12 

1892 
945 

11342 pence. 
4 

45869 farthings. 

1 In 118567 farthings, how many pounds, shillingii 
penoe^ and farthings? 

OPERATION. 

far. 
4 )118567 

29641 3 farthings. 
d. s. 
12)29641(2470 
24^ 

56 

48_ 

84 

?1 

1 penny. 
a|0)247|0 

£123 10 shillings. 
13 
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146 ELEMENTARY ARITHMETIC. 

Hence, 118567 farthings are equal to £123 10*. Id. Zfaf 

3. Reduce £75 to shillings. Ans. 1500*. 

4. Reduce \^s. 6d tc pence. Ans, 234i. 

5. Reduce 15*. 3i. 2far. to farthings. Ans. IZifar, 

6. In 48926 grains, Troy Weight, how many poundi, 
ounces, pennyweights, and grains ? - 

Ans, Qlb, 5oz. ISpwL iigr. 

7. In 3605 pennyweights, how many pounds, ounceif, 
and pennyweights? Ans, 15/5. Ooz. 5pwt. 

8. In 1000 ounces, Troy Weight, how many poimJs and 
ounces 1 Ans. S3lb, 4o9. 

9. In 4lb. 6oz. IZpwt 5gr, how many grains ? 

Ans, 26237^. 

10. In 100/5. Igr. how many grains ? 

Ans, 576001^. 
11 In4tb 5? I3 how many drams ? Ans, 425 3. 
!£. In 1000 grains, Apothecaries' Weight, how manjf 
ounces, drams, scruples, and grains ? Ans. 2 f 3 2 3. 

13. In 11521 grains. Apothecaries' Weight, how many 
pounds? Ans, 2fc 0? O3 09 Igr. 

14. In 873450 drams. Avoirdupois Weight, how mtin^ 
tons? Ans. IT. lOcwt. Iqr, 23/5. Uoz. lOdr. 

15. Reduce 5cwt. 21/5. Aoz. to ounces. 

Ans, 9300 oimces. 
16 Reduce IT. Icwt, \dr. to jrams. 

Ans. 602113 drams. 

17. Reduce 856702 drams to tons. 

Ans, IT. 9cwt. Sqr, 14/5. 7oz, Udr. 

18. In 4355 inches, how many yards ? 

Ans, \20yds, ^ft. llim. 

19. In 248 miles, how many inches ? 

Ans. 15713280 inches. 
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20. How manj inches in 860 degrees of 69 j^ miles lo 
each degree, which is the circumference of the earth, 
nearly. Ans. 1677664000 inches* 

21. In 12121212 barleycorns, how many miles ? 

Anss6^mi 6/tir. 6r(2. 0yd. Ift. Am. 

22. Reduce 12 Ells French to nails. Ans. 288 nails. 

23. Reduce 1 1 Ells English, 3 quarters, to quarters. 

Ans. 68 quarters. 
24 Reduce 10 Ells Flemish, 3 quarters^ 1 nail, to nails 

Ans. 133 nails. 

25. Reduce 4 yards to quarters. Ans. 16 quartera 

26. In 1000 nails, how many yards? Ans. 62yds. 2qr. 

27. How many inches in 6 yards, 3 quarters ? 

Ans. 243 inches. 

28. How ^lany square inches in 10 square feet ? 

Ans. 1440 square inches. 

29. In 3 square miles, how many square rods or poles ! 

Ans. 307200P. 
80. In 3 acres, 27 rods how many square feet ? 

Ans. 138030f square feet. 

31. In 26026 square feet, how many square roods 1 

Ans. 2R. 15P. 161^^^.^. 

32. In 70000 square links, how many square chains ? 

Ans. 7 square chains. 

33. How many square links in 6 acres ? 

Ans. 600000 square links. 
14 In 17 cords of wood, how many cubic feet? 

Ans. 2176 cubic feet. 
85 bi 17 tons of round timber, how many cubicincbe« I 

Ans. 1 176040 cubic inches. 
86. Reduce 17900346 cubic inches to tons of hewfx tim* 
Mc Ans. 207 Tons, 8 cubic feet, 1721 cubic inches. 
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148 SLEMENTARY ARITHMBTIO. 

37. In 1000 cord feet of wood, how many cords 7 

Ans. 125 cord«. 

38. In 19 cubic feet, how many cubic inches % 

Ans. 32832 cubic inches. 
89. In 16 hogsheads of wine^ how many gills ? 

Ans. 32256 gUlt. 

40. In 10000 gills of wine, how many barrels ? 

Ans, 9 barrels 29 gallons. 

41. Reduce 2 pipes, 7 barrels, 3 quarts of wine, to pint& 

Ans, 3786 pints. 

42. Reduce 31752 gills of wine to barreJI^. 

Ans. 31 barrels, 15 gallons, 3 quarts 

43. Reduce 201600 gills to tuns of wine. 

Ans, 25 tuns. 

44. Reduce 1 1 hogsheads of beer to pints. 

Afis. 4752 pints. 

45. In 100000 pints of beer, how many hogsheads? 

Ans. 231 hogsheads, 26 gallons. 

46. In 10 hogsheads, 1 quart, 1 pint of beer, how many 
pints ? Ans. 4323 pints. 

47. In 36 bushels how many pints? ^n^. 2304 pints. 

48. In 25 chaldrons 29 bushels, how many quarts ? 

Ans. 29728 quarts. 

49. In 10000 pints, how many chaldrons ? 

Am. ieh. I2bu. IpL 

60. In 1597 quarts, how many bushels? 

Ans. 49bu. 3pk. 5gt. 

61. In 30 days, how many seconds? Ans.25Q2000s6e. 

62. In 19 years of 365^ days each, how many hout* 

Ans. 166554 hounr 
63. ' In 26 years 6 days, how many seconds ? 

Ans. 789458400 seconda 
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54. How many days from the birth of Christ to Christ- 
mas, 1843, allowing the years to consist of 365 days 6 
houis? Ans. 673155 days 18 hours. 

55. A person was bom May 3, 1795, How many dayi 
old was he May 3, 1821, iptiying particular attention to 
the order of leap year ? Ans. 9496 days. 

56. Suppose a person was bom Febmary 29, 1796; 
how many birthdays will he have seen on Febmary 29, 
1844, not counting the day on which he was bom ?* 

Ans, 1 1 birth-days. 

57. In 3 signs 18 degrees, how many seconds ? 

Ans. 388800". 

58. In 6 signs 9 degrees, how many degrees ? 

Ans. 189^. 

59. In 1000' how many degrees ? Ans. 16o 40'. 

60. In 1 0000" how many degrees 1 Ans. 2° 46' 40''. 

61. Reduce 45° 45' 35" to seconds. Ans. 164735". 

62. In 1000 things, how many dozen? 

Ans. 83 dozen and 4 over. 

63. How many buttons in 6^ dozen 1 

Ans. 76 buttons. 

64. In 80000. tacks, how many gross? 

Ans. 555 gross, 6 dozen and 8. 

65. In three score and ten years, how many years ? 

Ans. 70 yearn. 

66. In 15 quires of paper, how many sheets? 

Ans. 360 sheets. 

67. In a ream of paper, how many sheets ? 

Ans. 480 sheets. 

* It mmt be recollected that the year 1800 wna a common year, having no 29th of 

13* 
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OPERATION. 


£ 


s. 


d. 


far. 


6 


5 


3 


1 


7 


1 


.0 


2 


1 


13 


5 





4 


18 





2 



£19 18^. 7cL I far. 
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ADDITION OF DENOMINATE NUMBERS. 

82. If we wish to find the sum of £6 6^. 3d. I far 
£7 is. lOd. 2 far., £1 13^. 5d., £4 18^. Od. 2 far., we pro 
ciBed as follows : 

Placing the numbers of the same 
denomination directly under each 
other, we add up the column of far- 
things, which we find to be 5. But 
we know that 5 farthings are equiv- 
alent to 1 penny and 1 farthing; 
we therefore write down the 1 far- 
thing imder the column of farthings, 
and carry the penny into the next column, whose sum 
thus becomes 19 pence, which is the same as 1 shilling 
and 7 pence ; we write down the 7 pence under the col- 
umn of pence, and carry the shilling to the column of 
shiUings ; whose sum then becomes 38 shillings, which 
is the same as 1 pound and 18 shillings ; we write down 
the 18 shillings under the column of shillings, and cany 
the pound into the column of pounds, whose sum then 
becomes 19 pounds ; and since pounds is the highest de- 
nomination, we write down the whole. 

From this example we may deduce this general 

RULE. 

/. Place the numbers so that those of the same donominth 
tton may stand directly under each other, and draw a line 
henetUh them. 

II. Add the numbers in the lowest denomination , divide 
tnetr sum by the number expressing how many it takes of 
such denomination to make one of the next higher Write 
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tie remainder under the column added^ and carry the quo* 
tient to the newt column, ; which add as before, 

IIL Proceed thus through all the denominations to the 
highest^ whose sum must be set doum entire. 

How do ypu i^aeo denominate niimben which are to be added 1 Which do yo« 
fnt add 1 HaTing added the column of lowest denominations, expl&fai the Bubse^oeat 



EXAMPLES. 



£ s. d. 






7 13 3 


£ s, d. 


£ s. d. 


3 5 lOi 


11 5^ 


5 5 5 


6 18 7 


2 4 4 


8 1 7^ 


2 6f 


5 6i 


2 M 


4 3 


1 3 4 


13 llf 


17 15 4i 


10 10 10 


6 6 6 


39 15 9f 


25 4 6f 
TROY WEIGHT. 


34 14 8 


lb. oz, pwt. gr. 


lb, oz, pwt, gr. 


lb, oz, pwt gr. 


10 10 10 10 


6 5 4 1 


7 3 5 


2 23 


1 11 19 13 


11 2 17 22 


3 17 


3 4 


40 20 


2 2 10 


8 9 12 


2 10 15 17 


1 .2 20 


4 4 19 


6 18 16 


17 3 12 5 


21 10 3 20 
flECARIES' W£I( 


61 11 13 8 


APOT] 


5HT. 


Jb f 3 3 gr^ 


ft f 3 


2 I Q gr. 


8 10 7 2 19 


2 11 6 


1 18 


10 6 10 


10 8 3 


1 2 1 15 


1 2 1 15 


14 10 2 


2 3 2 13 


5 I 2 1 15 


6 5 


4 


8 5 1 13 


7 5 4 


1 6 17 


82 3 2 12 


36 6 5 


1 18 13 
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152 ELEMENTARY ARlTtflUSTIO. 
AVOIRDUPOIS WBRIHT. 

tm, cwt. qr. lb. oz. dr, ewU qr. lb om, 

10 18 2 25 15 1 4 8 20 5 

1 15 14 15 . 5 12 3 
12 0130 10 1208 

13 27 1 11 3 25 13 

2 2 2 7 8 1 2 20 10 

27 9~3 i 7 13 14 23 7 



LONG MEASURE^ 

X. mi, fur. rcL yd. rd. yd, fu in, 

1 2 6 37 4 10 4 2 8 
600 30 5 1306 
14 3 8 2 16 

2 110 110 4 

3 2 25 1 2 19 



14 5 15 2 22 3 8 



CLOTH MEASURE. 



If J. jr. na. 


JS.f7.jr. 


no. 


E.E. 


Z- 


no. 


15 1 2 


3 2 


3 


4 


SJ 


2 


13 3 


15 1 


2 


10 


1 


1 


20 ,2 2 


9 2 





9 


2 





3 


8 


1 


13 





2 


8 1 1 


10 





15 


1 


1 



58 1 47 2 52 2 2 



SQUARE MEASURE. 



Sq.yd. 


Sq.fi. 


Sq. in. 


M: a: 


R. P, 


100 


8 


130 


100 


1 3d 


60 





100 


10 600 


3' 10 


10 


5 


e 


8 40 


1 11^ 





8 


143 





s it 


13 


2 


8 


4 4 


20 



175 7 93 23 106 34 
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SOLID, OR CUBIC MEASURE 



S. yd. S. ft. 
4 26 


S. in. 
1000 


C. S. ft. 
10 120 


C. 
3 


Cordfi. 

7 


1 10 


1541 


8 100 


10 


4 


20 


80 


2 80 


12 


; 


10 17 


11 


119 


8 


6 


8 25 


59 


12 6 


15 


3 


26 18 


963 


35 41 
S MEiSURE. 


50 


5 




WIN] 




hhd. gal qt. pt. 
4 30 3 1 


tun. pi. hhd. 
Ill 


gd. qt. pt. gt. 
37 3 1 3 


10 25 


1 


10 


50 


1 2 


25 2 





11 1 


13 1 


1 


60 


1 


4 1 


25 2 


3 


13 45 3 





8 1 


18 


1 3 



54 36 1 1 36 1 19 1 1 



ALE, OR BEER MEASURE- 



hhd, gal, qt. pt, 
2 50 3 1 


bar, gal qt, 
10 30 1 


10 80 1 


6 20 


11 25 1 


1 5 2 


25 1 1 


10 3 


6 52 3 1 


4 35 1 


56 52 1 1 


33 19 3 


i)RY MEASURE. 


eh, bu. pk, qt, pt, 
1 30 3 7 1 


bu. pk, qt. pt 
10 1 1 1 


35 2 3 


2 3 6 


10 19 1 1 


5 2 3 


5 10 2 4 


8 1 


4 4 5 1 


15 2 4 



22 28 2 4 1 42 1 7 
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TIME. 




da, hr. m. sec, wh. dh, hr. m, sec, 

15 18 50 49 12 13 40 30 

1 13 59 59 2 6 10 8 3 

4 23 2 5 22 65 45 

10 11 1 4 2 3 4 1 15 

2 10 15 12 4 5 




32 21 2 9 8 6 6 50 33 




CIRUIiAR MEASURE, OR MOTION. 


cr. 

1 


1 




g O / // S. O ' O ' N 

8 25 40 35 1 25 2 13 10 19 
11 1 2 43 18 50 1 40 35 

29 59 2 5 39 2 48 39 

1 10 13 5 4 4 30 40 

2 5 4 3 4 15 10 10 45 45 


4 


11 59 26 9 8 45 28 55 58 



SUBTRACTION OF DENOMINATE NUMBERS. 

S3, If we wish to subtract £15 13^. lOd. from £20 
5s, Sd.j we proceed as follows : 

We place the numbers of the subtrahend 
directly under the numbers of the same 
denomination in. the minuend, and draw a 
ine underneath. Commencing with th« 
pence j we see that we cannot subtmct I0<2, 
from Sd, ; we therefore increase the Sd. hj 
\2d. making 20(2. ; then subtracting lOd. from the 20 J^ 
we have the diflference lOd, which we write under the 
colramn of pence. Having added l%d. to the minuend, W6 
must equally increase the subtuahend^ which we do by 
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OPERATION. 


£ 


s. 


d. 


20 


5 


8 


15 


13 


10 


4 


11 


10 
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adding 1^, (the same as the i2i.,) to the 13^., making 14^. 
ITiis cannot be subtracted from 5^. ; we therefore increase 
llie 5^. by 20^,, making 25^. Now, subtracting 14^. from 
25 5. we have 1 1*?., which we write under the column of 
ihillings. Before subtracting the pounds, we add jCl tc 
£15 to compenslite for the 20^. added to the 5^., and then 
•ay J516 from i:20 leaves £i. 

Note. — It will be seen that this process is similar to that in 
the "shorter and more practical" example of simple subtraction, 
(Art. 15J.) But the preceding subtraction might be also per- 
formed as in &e second example of simple subtraction. 

Hence, we have this general 

RULE.* 

7. Place the less number under the greater, so that the 
same denominations may stand under each other ; draw a 
Une below them. 

II. Begin at the right, and subtract each number in the 
lower line from the one directly above it, and set the re- 
mainder below. 

III. If any number in the lower line is greater than the 
one above it, add so many to the upper number as make one 
rf the next higher denomination ; then subtract the lower 
mtmberfrom the upper one thus increased, and set down the 
remainder. Carry 1, expressing the increase of the uppet 
line, to the next number in the lower line ; after which sub' 
Wfiet this number from the one above it, as before ; and thus 
ff&ieed ttU all the numbers are subtracted. 

PROOF. 

r [f the work he .rigbt^ the difference added to the sub* 
U^iiend will equ^l th^ minuend ; as in simple subtraction. 
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T. cwt. qr. lb. oz. 
13 18 1 20 
10 3 21 12 


dr. 
13 




A. R. P 
69 3 25 
10 38 


3 17 1 26 4 


13 


59 2 27 


ft ? Z B gr. 
24 7 2 1 16 
16 10 3 2 17 




L. mi.fw. rd. 

16 2 7 39 

5 7 8 


7 8 6 1 19 




11 2 31 


E, Fr. qr. na. 

10 5 

5 1 3 


eh. hi. pk. qt. ft 
30 10 1 1 
10 8 3 6 1 


5 3 1. 




20 1 1 2 1 


tun. pi. hhd. gal. qt, 

10 1 1 50 1 

10 60 3 


da. kr. m. see 

100 10 1 
60 40 45 


9 1 52 


2 


40 9 19 16 


yr. mo. rvk. da. 

17 8 3 a 

4 12 6 


mi. fur. rd. 
60 
40 7 39 


13 7 2 




19 1 


C. S.ft. C. 
45 126 lOO 
10 127 80 


Cord ft. £ s. d. 

6 50 1 

17 30 10 10 


84 127 IJ 


» 


7 19 9 8 



84l« EXERCISES IN ADDITION AND SUBTRACTION. 

1. Bought 20 yards of broadcloth for jE?18 5^. 3i. 30 
pounds of feathers for £^ 2s. 4 J., 100 yards carpeting for 
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£45 17^. 8d., 10 pieces of cotton cloth for £Q IBs. Irf., 
50 yards of calico for £2 Os, lOd. What was the cost of 
the whole? Ans. £83 As. 2d. 

2. Bought four hogsheads of sugar, weighing as fol- 
lows: 1st weighed 8cwt. Iqr. 2Zlb. I0ox.\ 2d weighed 
^otL 2qr. Olb. doz. ; 3d weighed lOcwt. Oqr. Olb. Soz. ; 4th 
freighed Scwt. Zqr. 27lb. How much did the four weigh ? 

Ans. 36cwt 3qr. 23lb. box. 

3. A man owns three farms ; the first contains 69 acres, 
3 roods, 10 rods; the second contains 100 acres, 5 rods; 
the third contains 150 acres, 2 roods. How many acres 
are there in all? Ans. 320^. IjR. 15P. 

4. Suppose a note given August 3d, 1838, to be paid 
November 10th, 1843. How long was the note on interest^ 
if we count 30 days to the month ? and how long if the 
time is accurately computed? 1st Ans. byr. dmo. 7 da. 

2d Ans. 1925 days. 

5. A person buys 15ctt?^ 3^^. 20/^. of sugar, and sells 
\Ocwt. Oqr. lUb. How much remains unsold? 

^71^. 5cwt. 3qr. 9lb. 

6. From a piece of cloth contaim'ng S7yd. Sqr. 2n., there has 
been taken at one time 6yd. Iqr.j at another time lOyd. Zqr. 
Zna. How much then remains ? Ans. 20yd. 2qr. 3na. 

7. From a pile of wood containing 100 cords, I sold at one 
time 10*C. 1005?./^, at another time I sold 18C. 59S.ft. 
How many cords remain unsold? Ans. 70 C. 97S.fi 

8. A farmer raises \00bu. dpk. 2qt. of wheat from one 
field, 87hu. \ph. \qt. \pt. from another field ; he sells b3bu. 
io one person, and Z7bu. 2pk. \qt. to another person. How 
manybushelshasheremaining? Ans. 97bu. 2pk. 2qU Ipt. 

9. Bought 5 loads of coaL The first weighed 2056 
pounds, the second weighed 2250, the third weighed 2240, 

14 
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the fourth weighed 2310, the fifth weighed 2330. Wh«t 
was the entire weight ? And how many tons of 2000 
pounds each ? . ( 1 1 1 86 pounds. 

^' I 5-593 tons. 

10. A person engages to build 100 rods, and 10 feet of 
stone fence. At one time he builds 17 rods, 5 feet ; at an- 
other time he builds 37 rods, 15 feet. How much still re- 
mains to be built ? Ans. 45 rods, 6y feet. 

11. How much cloth in three pieces, measuring as fol- 
lows : first piece 37 yards, 3 quarters, 1 nail ; second piece 
41 yards, 1^ Flemish Ells ; third piece 43 yards, 1^ English 
Ells? Ans. I2ii/ds. 3^r. Ina. 

12. Bought 3 loads of wood; the first was 8 feet long, 
4 feet wide, and 3 feet high ; the second was 7 feet long, 
4 feet wide, and 2 feet high ; the third was 9 feet long, 3 
feet wide, and 3 feet high. How many solid feet in the 
whole 1 How many cord feet, and how many cords ? 

r 233 cubic feet. 

AnsJ 14 cord feet, 9 cubic feet. 

L 1 cord, 6 cord feet, 9 cubic feet. 



MULTIPLICATION OF DENOMINATE NUMBEB8. 

SS. If we wish to multiply £\2 5s. lOd. by 5, we pro- 
ceed as follows : 

First, we say 6 times lOd, is 50d., which. 
equals 4s. and 2d, ; we set down the 2d. and 
reserve the 4^. to carry into the next column. 
We then say 5 times 5^. equals 25^., to 
which adding the 4^. we have 29,s., which 
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£ 


s. 


d. 


13 


5 


10 
5 


66 


9 


2 
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Is £l 9s. ; we set dow» the 9^. and reserve the £1 
I taxrj to the next denomination. Finally, we saj 5 times 
'13 is £65, to which adding the i^l, we hay^ £Q6 ; this 
! being the highest denomination, we set it down entire. 
Hence this general 



RULE. 



/. Set the multiplier under the lowest denomination of the 
multiplicand, and draw a line below it. 

II. Multiply the number in the lowest denomination by 
the multiplier ; divide the product by the number expressing 
how many it takes of such denomination to make one oftlie 
next higher. Write the remainder under the number multi- 
plied, and reserve the quotient. Then multiply the number 
in the next higher denomination by the multiplier, and to the 
product add the reserved quotient. Divide as before, writing 
down the remainder, and carryvig the quotient. 

III, Proceed in like manner to the highest denomination, 
rf which the entire product must be set down. 

In Multiplication of Denominate Namben, where do you set the multiplier .' 
Which denominate valae do you first multiply 1 After finding in the product the 
Mmbe: of units c€ next higher order and also what remains, where do you place the 
Nmaioder % anc what do you do with the units of next superior order 1 Repeat Urn 
ni«ftlwRa.e. 









EXAMPLES. 










(1.) 






(2.) 






£ 


s. 


d. 


cwt, qr. 


lb. 


oz. 


dr. 


10 


10 


10 


8 


2 


4 


6 




12 


3 

' 6 


T, 






6 


31 


2 8 


13 


9 


14 
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8. In 3 hogsheads of sugar, each containing lOevt 
3^. 5lb,j how many hundred weight? -: 

K Ans. Z2cwt qr. 15/5. 

4. How much cloth will it take for 7 suits of cloUieo^ 
if each suit require 7yd. dqr, Ina. ? » 

Ans, 5Ayd. 2qr, 3na. 

5. How much wood can a horse draw ir. 13 loads, if he 
draw IC. l9S.fi, at each load? Ans. 14C. 119/S./t. 

6. How long will it take a man to saw 6 cords of wood, 
if he employ 7hr, 30m. A5sec. to saw one cord, allowing 
10 working hours for each day? 

Ans. Ada. Bhr. 4m. ZOsec. 

7. The circumference of a wheel is 15 feet 2 inches. 
What distance will this wheel measure on the ground, if 
it is rolled over 365 times ? Ans, \mi. 255fi. lOtn. 

8. Allowing the year to consist accurately of 365 da3rs, 
5 hours, 48 minutes, 49^ seconds, what will be the true 
length of 1843 years? Ans. 673 141 (fa. lOAr. 44m. 2Sisec 

When the multiplier is a composite number, we may 
as in simple numbers, multiply succ essively by the com- 
ponent parts. 

9. What will SSctot, of cheese cost, at 15^. 6d. pef 
hundred weight T 

OPERATION. 

£ s. d. 

15 6 cost of lewL 
5 

3 17 6 cost of 5ewt, 
7 x7 



2726 cost of Z5cwt. 
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10. How much brandy in 84jem., each containing \2Bgal 
2qt Ipt 3gi.l Ans. 10812^a/. Iqt. IpL 

11. In 21 loads of wood, each IC. IC.ft., how many 
wrds? Ans. 23C. 5C.fi. 

12. Suppose the piston rod of a steam engine to mov6 
tft. 4m. lb. c. at each stroke. Through what distance wil 
itmove in making 1000 strokes 1 Ans. 3361/*. lin. h. c. 

13. Bought as follows : 



lb. 




s. 


d. 


18 of green tea, 


at 


12 


3 per pound. 


12 of raisins. 


a 


1 


2 « ' 


27 of loaf sugar, 


u 


1 


4 (< a 


15 of English currants 


'," 


2 


3 « « 


14 of citron, 


« 


3 


6 " " 



What is the amount of the whole purchase ? 

Ans. jerir 13^. ^d. 
14. What is the amount of the following bill of goods 1 





^ ^. 


d 


15 yards of broadcloth, at 


1 3 


6 per yard. 


12 « « silk, « 


18 


3 " " 


20 *« « calico, « 


1 


9 « u 


24 « « sheetmg, « 


1 


3 u tt 


22 « « muslm, " 


3 


4 « tt 




Ans. 


^35 9^. lOJ 



DIVISION OP DENOMINATE NUMBERS. 

86. Let it be required to divide X'lOO 10^. M. equally 
•*»w)nfir 17 men. 14* 
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EXPLANATION. 

First, we say 17 in iT 100, is 
contained 5 times and J^15 re- 
maining ; and since these jE?15, 
as well as the 10^., are yet to be 
divided among the 17 men, we 
reduce the pounds to shillings, 
and add the 10^,,. making 310^. ; 
we find 17 to be contained 18 
times in 310^. with 4^. remain- 
der. We reduce the 4^. to 
pence, and add the Zd., making 
5\d., which divided among the 
17 men, gives Zd. each. 



OPERATIOII. 



17)i^l00 10^. Zd,{£B 
85 

15 
20 



17)310(18/. 
17_ 

140 
136 

4 
12 

17)51(3(f. 

Collecting, we h&vB 
£5 ISs. Zd. 



Note. — We do not divide IOC pounds by 17 men, which ^s im- 
possible ; but we separate jeiOO into 17 equal parts. Each part is 
expressed by the quotient, and contains je5, (Art. 64. Note.) 

Or, adhering to the general definition of Division, (Art. 258 and 
Art. 64,) we suppose a pound set apart for each man, and then 
find how many times £17, the number thus set apart, is contained 
in jeiOO; the quotient will be an abstract number. The answer 
will, of course, be as many pounds to each man as there are parcels 
of j£l7 in jeiOO; that is, as there are units in the quotient 

Had the divisor been one of the nine digits, the work might have 
been performed by Short Division. 

"We therefore have this general 

RULE. 

/. Place the divisor on the left of the dividend, as in Stm^ 
pie Division. Begin at the left-hand and divide the number 
of the highest denomination hyAhe divisor. Reduce the re- 
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mainder^ if any ^ to the next lower denomination^ to which add 
the number jf the dividend expressing that denomination^ 
and then divide the sum by the divisor. 

II. Proceed in the same way for all the denominations. If 
there is a remainder after the last division^ place it over th§ 
divisor, and annex it tn a fractional form to the quotient. Each 
quotient will be of the same denomination as its dividend. 

Having placed the divisor as in Bimpte Division, how do you proceed % When, la 
irviding any particular denomination, thero is a remainder, bow do you dispoie of iti 
O' vhat denomination will the respective quotients be ? 

EXAMPLES. 



yd, qr. na. 
7)25 3 1 


cwt, 
9)27 


(2.) 
qr, lb, 
3 26 


oz. dr. 
13 9 


3 2 3 


3 


12 


5 1 



(3.) . 
lb. oz, pwt. gr. 
13)10 8 16 3(0/^.9o;^.18pw^3j:|^. 
12 

13)128(9o;r. 
117 

11 
20 



13)236(18;nr/. 
13 

106 
104 

2 
24 

39 

12 remainder. 
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(4.) 
mi. fur, rd. yd, ft, mi. far, rd. yd. ft in 

23)100 4 30 14 2(4 2 39 3 7^ 

92 • 

"s 

8 

23)68(2/ttr 
46 

22 
40 



23)910(39rd. 
69_ 

220 
207 

13 

JL 
23)73 \3yd, 
69 

"4 
3 

23)14(0/^ 
12 



23)168( 7j%in. 
7 remainder. 

5 Divide lOftin* 2hhd. I7gal 2pt. by 67. 

Ans. ^9gal, 6pi 

6 Divide 51A. IR. UP. by 61. Ans, lA. OR IP. 
. . Divide 4gal ^t, by 144. Ahs, Igu 
8. Divide i:il3 13*. Ad by 31. Ans, £3 13*. id. 
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9. Diyide 673141da. 9kr. 68m. 2i8ee. by 1843. 

Ans. .365(20. 5A. ASnk iSsee. 
:0. Divide Imt. 255 ft, lOin. by 365. Ans. 15^1. 2tn. 
When the divisor is a composite number, we may divide 
1^ the factors of the number successively. 
11. Bought 15 sheep for £5 I2s. 6. How much did one 
iheepcost? 

FIRST OPERATION. SECOND OPERATION. 

£ 3. d. £ s. d. 

3 )5 12 6 cost of 15 sheep, 5 )5 12 6 cost of 15 sheep. 

5)1 17 6 cost of 5 sheep. 3)1 2 6 cost of 3 sheep. 

7 6 cost of 1 sheep. 7 6 cost of 1 sheep. 

From this example, we see that it makes no difference 
which factor is first used. 

12. U2Ai/ds. of cloth cost £lS 6*., how much is that 
per yard? Ans. 1 5s. 3d, 

13. From a piece of cloth containing l2Sy ds. Iqr.j a 
tailor made 18 coats, which took one third of the whole 
piece. How many yards did each coat contain ? 

Ans. 2yds. Iqr. 2n€U 

87. QUESTIONS INVOLVING THE FOUR PRECEDING RULES. 

1. Twenty-four men agree to construct 7 mi. I fur. 2ird 
of road ; after completing \ of it, they employ 8 more men 
What distance does each man construct before and aftoi. 
the 8 men were employed? . ( l^rd. before. 

^^* \ I fur. 20rd. after. 

2. A silversmith has seven tea-pots, each weighing IJk 
Zox \Zpwt. Wgr. What is the whole weight? 

Ans: 9lb. \oz. \Apwt. 5gr. 
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3. A farmer has 1000 biishels of apples, whica he puti 
into 360 barrels. How many does each barrel hold? 

Ans. 2bu. Zpk. ^qt. 

4. If it require 1 sheet of paper to print 24 pages of a 
book, how many reams, allowing 18 quires to the ream 
will it take to print 3000 copies, of 250 pages each? 

Atis, 72 reams, 6 quires, 2 sheets. 

5. An estate worth £2570 is to be divided as follows: 

the widow has one third of the whole, the remainder is to 

be divided equally between seven children. How much 

does the widow receive, and how much does each child 

have ? . ^ The widow has JC856 13*. 4(i. 
Ans, ^ 



Ans. 



Each child has ^244 15*. 2d. 3f /ar. 

6. Divide 100 acres, 3 roods, 8 rods of land, between four 
persons. A, B, C, and D, so that A shall have one sixth 
of the whole, B one fourth of the remainder, C one third 
of what then remains, and D the rest. How much does 
each one have ? 

A had 16A. 3R, SP. 
B had 21 0. 
C Had 21 0. 
LD had 42 0. 

7. A, B, C, and D, having Idcwt, Iqr. 4lb, of sugai^ 
they agree to divide it as follows : A is to have one half 
of the whole, B is to have one third of the remainder, C ii 
to have one fourth of what then remains, and D is to takt 
what is left. What were their respective portions ? 

'A had 6cwt, 2qr. 16^. 
Ans.-^ 



Bhad2 





24. 


Chadl 





12. 


DhadS 


I 


8 
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8. What is the weight of the following coins: 10 
guineas, each weighing, 5 pwt. 9 j grains ; 7 sovereigns, 
each weighing 1 pwt. 8 J grains 1 

Ans. Zoz. 3pwt S^gr, of gold. 

9. What is the weight of 13 crowns, each weighing 
18 pwt. 4-^ grains ; 14 shillings, each weighing 3 pwt. 
15yV gr. ; 9 sixpences, each weighing 1 pwt. 19-ft- gr. ? 

Ans. lib, Zoz. 3pwL I5^gr. of silver. 

10. In one eagle there is 232-A- grains of pure gold, 
12tV grains of silver, and 12-18^ grains of copper, and the 
same proportions of gold, silver and copper, from all other 
American gold coin. In 10 eagles, 7 half-eagles, 5 quarter- 
eagles, how many grains of gold, silver and copper? 

{3424-95 ^. of gold. 
190-275 ^r. of silver 
190-275^. of copper. 

1 1. One pound of pure gold is sufficient for how many 
dollars of gold coin, if it require 23-22 grains for one 
dollar? Ans, 248-062 dollars. 

12. One pound of pure silver is sufficient for how many 
dollars of silver coin, if it require 371*25 grains for one 
dollar? Ans. 155 15 dollars. 



DENOMINATE FRACTIONS. 

88. Under Art. 64, we defined a denominate num- 
ber as one whose imit has reference to a particular thing. 
For a similar reason, a. denominate fraction is a part of a 
unit having reference to a particular thing. Thus, \ of 
a yard is a denominate fmction, expressing a part of the 
particular unit one yard ; f of a poimd is also a denomi- 
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nate fraction, expressing a part of the particular unit oim 
pound. 

We know (by Art. 80,) that denominate numlwagi 
may be changed or reduced from one denomination to 
another without altering their values. By a similai 
method may denominate fractions be reduced from ^e 
denomination to another. 

What have we already deOned a datominate nomber to be t What is a deiKMii- 
oate fraction 7 Give some examples. May denmninate fractions be chan|Eed finMi 
eme name to another without altering their values 1 



REDUCTION OF DENOMINATE FRACTIONS. 

80. Suppose we wish to reduce -^-^ of a pound ster 
ling to an equivalent fracti(m of a farthing, we proceed as 
follows : since there are 20 shillings in a pound, ^^ of a 
pound is the same as 20 times ^-q of a shilling ; and this 
is the same as 12 vlmes 20 times ^^-g- of a penny; which, 
in turn, is 4 times 12 iimes 20 times ^j-g- of a farthing. 
That is, jfl-0- of a pound sterling rz^^j^ of ^^ of ^ of f of 
a farthingrr, by calculation, to -| of a farthing. 
. Agair, let us reduce f of a farthing to a fraction of a 
pound sterling. In this case, we reverse the preceding 
process, and instead of multiplying, divide by the same 
fractions ; or what is the same thing, take the reciprocals 
of the fractions, (Art. 47,) and multiply. 

Thus f of a farthing =f of ^ of -j^ of ^pq- of a pound 
sterling =yY\nr ^^ ^ pound sterling. 

1. Reduce f of an inch to the fraction of a mile. 

The increase of denominate value between the inch 
and the mile, is for the foot 12 times the inch, for the rod 
'6i or V times the foot, for the furlong 40 times the rod, 
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and for the mile 8 times the furlong. Therefore a com- 
poimd fraction representing what part of a mile an inch is, 
would be J^ of ( 1 -r- Yr= )W of fjT of j. So that tl^ frao 
tbn -I of an inch, which is to be changed to the fraction 
of a mile, must be multiplied by the compound fraction 
nuit obtained. Consequently we have 

— of an mch=-x-::X — X — x-= of a mile. 

8 8 ;r^ 33 40 8 169960 

2 

If the question had been the reduction of ■} of a mile »o 

the fraction of an inch, the fraction would have been 

3 r .1 3 12 /16i \33 40 8 „^^^^ . 

— of a mile=-x — X ( — ^= I— X — X-=23760 m. 
8 8 1 V 1 /2 1 1 

From what has been done we may deduce this 

RULE 

/. When the given fraction is to be reduced to a higher 
denomination, multiply it by a compound fraction, whose terms 
are the reciprocals of the numbers that indicate the increase 
in value of a unit of the successive denominations included 
between the denomination of the given fraction and the one 
to which it is to be reduced, 

II. When the given fraction is to be reduced to a lower 
denomination, multiply it by a compound fraction^ whose 
terms have units for their denominators, and for numerators 
the numbers that indicate the decrease in value of a unit oj 
the successive denominations included between the denomina- 
ium of the given fraction and the one to which it is to be 
reduced. 

EXAMPLES. 

2. Reduce ttIt? of a da/r to the fraction of a second. 
15 
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In this example, the decrease in value of a unit of tbt 
successive denominations between a solar day and m 
secon(^ are 24 (hours,) 60 (minutes,) and 60 (secondA.) 
Hence the compound fraction will be -V- of ^ of -Vi 
irhich, multiplied by the given fraction becomes 

3 24 60 60 
X-— X — X— . 



11520 1 1 1 
Cancelling, successively, 60 and 24, factors common Uf 
numerator and denominator, we have first 

3 24 00 60 , 3 U 60 

:X — X — X — ; then— T—x— X — X- 



XX$t0 I 11' XX$t0 ] 1 1 

192 r« 

8 
Finally, cancelliQg the factor 4, which is common to 
the numerator 60, and the denominator 8, we have 

15 

3 U 00 00 45 . 

X— X— X— =— of a second 



XX$t0 1112 

$ 
2 

We have beeir. particular to give the complete work of 
cancelling in these examples, by writing down the whole 
work at the successive stages of operation. In practice, 
the expression need not be written more than once. With 
a little practice the pupil will be able to strike out the 
common factors with accuracy and despatch. 

Reduce tcW of a pipe of wine to an equivalent frao- 
tion of a gill. 

In this example, the successive denominate values be- 
tween a pipe and a gill are 2 hogsheads, 63 gallons, 4 
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pirts, 2 pirns and 4 gills ,* therefore, our compound £nic 
tion is f of ^ of + of f of f, which, multiplied bj the 
giren fraction, becomes r^ of f of ^f f of f of f ; this 
becomes, after cancelling like factors, 1 gill, 
i Reduce -Jff of a yard to a fraction of a mile. 

Ans. tAt. 
5 Reduce -H of a gill to the fmction of a galldn. 

Ans, sfx' 

6. Reduce -ffj- of a pound to the fraction of a ton. 

Ans. T^. 

7. Reduce -J- of a mile to the fraction of a foot. 

Ans. 1760 feet. 

8. Reduce -J- of i of f of a yard to the fraction of a 
mile. Ans. TrJnr- 

9. Reduce -J- of -fr of ^ of a gallih to the fraction of a 
gill. Ans. f. 

10. Reduce f of ^ of a hogshead of wine to the fraction 
of a gill. Ans. -^J/A=597i. 

1 1. Reduce ^ of -f of 4^^ yards to the fraction of an inch. 

Ans.^^=d^: 

12. Reduce -f of -ft of a farthing to the fraction of a 
shilling. Ans. tsVs"- • 

13. Reduce -^ of an ounce to the fmction of a pound 
avoirdupois. Ans. fh' 

14. Reduce f of •} of 1 rod to the fraction of an inch, 
of a foot, and of a yard, r-*fP= 129-lf inches. 

Ans J W= lOff feet. 
LW= 3ff yards. 

15. Reduce i of f of 1 hour to the fraction of a month 
if 80 days, and to the fmction of a year of 365 days. 

^^JttVtt of a month. 
^ ttHt of a year. 
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90. To find what fractional part one quantity is of an^ 
other of the same kind, but of different denominations. 

Suppose we wish to know what part of 1 yard, 2 feet 3 
inches is. We reduce 1 yard to inches, which gives 1 
yard =36 inches ; we also reduce 2 feet 3 inches to inches, 
which gives 2 feet 3 inches =27 inches. Now, it is ob 
vious that 2 feet 3 inches is the same part of a yard that 
27 is of 36, which is -ff =f. 

Hence, we deduce this 

RULE 

Reduce the given quantities to the hvoest aenomincUum 
mentioned in either. Then take the number which expresses 
the quantity of which the other is to be the fractional part^ 
for a denominator^ and the other number for a numercUoTj 
and the fraction thus formed will denote the fractional part 
sought. 

« EXAMPLES. 

1. What part of ^^3 4^, Id. is 2*. 6dA 

In this example, the quantities, when reduced, become 
£3 4s. ld.=769d.] and 2^. 6d.=30J.; therefore, WV is 
the fractional part which 2^. 6d. is of £d 4s. Id. 

2. What part of 3 miles, 40 rods, is 27 feet 9 inches ^ 

Ans. SiTA'A't* 

3 What part of a day is 17 minutes 4 seconds 1 

Ans. xfr* 
4. What part of «700 is $5-30 ? Ans. yHj- 

6. What fractional part of 2 hogsheads is 3 pints? 

Ans. -tIt' 

6. What part of $3 is 2^ cents? Ans. -i+»- 

7. What part ,of 10 shilhngs, 8 pence, is 3 shillings 
1 F°ny ? Ans. -ft^. 
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8. What part of 100 acres is 63 acres, 2 loodc, 7 locte of 
land? Ans, mU- 

9. In the Eagle there are 232-} grains of pure gold, and 
12^ grains of silver, and the same quantity of copper. 
The silver and copper is each what part, by weight, of the 
f(^? And the silver and copper togethei is what part 

Silver and copper are each 
iV of the gold. Silver 



«f the gold? 

Ans.-i 



and copper together are 
. ^ of the gold. 

10. In the United States standard silver coin of one 4ol- 
lai, there are 37 H grains of pure 'Iver, and 4H grains ol 
copper. What fractional part is the coppoi of the silver? 

Ans, -J-. 

11. The silver in standard go.d ^oin is what part of the 
silver in the same value of standard silver coin ? 

12. The pound Troy contains 5760 grains, the pound 
Avoirdupois contains 7000 grains. A poimd Troy is what 
part of a pound Avoirdupds ? Ans, m* 

13. The imperial gallon contains 277^ cubic inches, 
nearly ; the old wine gallon contains 231. What part of 
the imperial gallon is the old wine gallon ? Ans. -f^. 

14. The solar year is 365 days, 5 hours, 48 minutes, 48 
seconds. By what part of a day does this exceed 365 
days? Ans. J||. 

91 • To reduce a fraction of any given denomination to 
whole denominate numbers. 

Suppose we wish to know the value of -f of a yard ; w« 
know that f of a yard equals -f of + of a quarter /fzf of ^ 
quajrterr=:l quarter+^ of a quarter. The -jt of ji quartet 
loay be considered as a remainder. 
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Again, i of a quarter equals ^ of f of a nailz=2 nailt 
Therefore, f of a yard equals 1 quarter and 2 nails. 
Hence, we deduce this 

RULE 

MuUiply the numerator by t/te number expressing k&m 
WMny of the next lower denomination make one of the denomr 
ination of the fraction^ and divide the product by the denomr 
inator; multiply the remainder j if any ^ by the number express^ 
ing how many of the next lower denomination make one oj 
that remainder^ and again divide the product by the denom- 
inator; continue this process until there is no remainder , or 
until we reach the lowest denominate value. The successive 
quotients will form the whole denomifuxte numhets required, 

EXAMPT^ES. 

1. What is the value of -^ of an hour? 

In this example, -ft- of an hour equal -ft- of ^ of a 
minute, equals 12 minutes. 

2. What is the value of f of 1 yard ? 

Ans, 1 quarter, 2f nails. 

3. What is the value of | of f of 1 mile ? 

Ans, 1 furlong, 20 rods. 

4. What is the value of -f of f of 1 cwt. % 

Ans, 1 quarter, 12 pounds. 
5 What is the value of | of 14 miles, 6 furlongs ? 

Ans, 2 miles, 3 furlongs, 26 rods, 1 1 feet 

6. What is the value of + of f of 2 days of 24 houia 
each? Ans. 9 hours, 36 minutes. 

7. What is the value of -J- of •} of -ft- of an hour? 

Ans, 5 minutes, 37^ seconds. 
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8. What is the value of i%f of a solar day ? 

Ans. 5A. ASm. iSsec, 

9. What is the value of -Ht of a pound Avoirdupois ? 

Ans. 13oz. 2iHdr. 
10. What-is the value of iV of a bushel? Ans, 3-|- quarts. 
U. What is the value of -^ of a year of 365 days ? 

Ans. 30 days. 
12. What is the value of -J of ■}• of f of an acre ? 

Ans. 25 rods. 



ADDITION OF DENOMINATE FRACTIONS. 

93» So long as fractions are of different denominate 
values, they cannot be added, any more than integers can 
of different denominate values. Hence, before seeding to 
add, it is necessaiy to reduce them to the same denomina- 
tion, then, to a common denominator, and apply the rule 
imder Aet. 43. 

What b the Bule-for the Addition of Denonunato Fraetiont 1 



EXAHFLES. 

1. Add -J- of a shilling to •}• of a pound. 

I. -J- of a shilling equals -J- of ^ of a pound liiThr of a 
pound, which added to -J- of a pound =t^ of a pound, 
gives i^='H of a pound for the sum. 

XL •}• of a pound=-J- of -V- of a shilling=5 shillings, 
which, added to -J- of a shilling, gives 5i=-V of a shilling 
for the sum. 
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* If our work is right, these two results ought to be of l^ 
same value, that is, -^ of a pound must equal 5-}- shilliuga 
We know that -f^ of a pound rz-J^ of ^ of a shilling = 
V- of a shilling. 

2. Add -1^ of a yard, f of a foot, and f of a mile. 
These fractions, before adding, might be reduced to fraa 

tions of a yard, or of a foot, or of a mile, or of any of the 
denominate values of Long Measure. But a better way 
would be to reduce each to its integral denominate value, by 
Rule under Art. 91. 

Thus : i of a yard=| of + of a foot= 1 foot. 

•f- of a foot=f of -^ of an inch =10 inches, 
f of a mile=-| of -f of a furlong =3 furlongs. 
Therefore, the sum is 3 furlongs, 1 foot, 10 inches. 

3. Add -J- of a week, -J- of a day, ■}■ of an hour. 

^ of a week=-i- of -J of a day=:3-jt days=:3 days+i- of 
V- of an hour=3 days, 12 hours, 
j- of a day=-J- of -V- hour=4 hours. 
J of an hourr= J of ^ of a minute= 16 minutes. 
Hence, the sum is 3 days, 16 hours, 15 minutes. 

4. Add -J- of a year, f of a week, tV of a day, together. 

Ans, 75da, 2hr. 

5. What|s the simi of ^ of a cw^, -J- of a ^r., -J- of a Z5. r 

Ans. 2qr. 9lb. 9oz, B^dr. 

6. What is the sum of i^ of a bushel, f of a peck, i of 
It quart 1 Ans. 5^Srfl*. 

7. What is the sum of iV of a yard, and + of a foot? 

Ans, 7f inches. 

8. What is the sum erf f of a week, •} of a day, and 4 
of an hour? Ans. Ada, 21 An 8m. 

9. What is the sum of -f of a bushel, i of a peck, aiMt 
^ of a quart % Ans. Zitk O^t. ""^t 
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8UBTSACTI0N OF DENOMINATE FRAClfONS, 

93 > As in Addition, the fractions must be first reduced 
to the same denomination ; afterwards they must be 
brought to a common denominator, and then the work 
may be completed, by Rule under Aet. 4 4. 

What is the Rale for the€ub^ction of Denominate Fradiooi. 
EXAMPLES. 

£. From ^ of a pound subtract ^ of a shilling, 
L i of a £=i of -^ of a shilling=f of a shilling. 
Therefore, i--i=-H— ft=-H. So that the diffeience 
is -jf^ of a shilling =2-ft^ of a shilling. 

11. } of a shilling =} of —^ of a pound =y^7 of a pound. 

And |_y4^=^Vcr-^To =tVo- So that the difference 
is ^y^ of a pound =//7 of -^ of d shilling =-H- of a shil- 
ling, as before. 

2. From f of a day subtract y of a minute, 
•f of a day=-| of ^ of an hour=9 hours, 
i of a minute = J cf ^ of a second = 12 seconds. 
Hence, From 9hr, Om. Osec, 

Take 12 • 

Difference 8 59 48 

Z. From ^ of f c^ 15 yards of cloth, subtract } of -fgcl 
one quarter. 

I of -f of 15 yards=5 yards. ^ 

j- of ^ of one quarter=:i^ of y^j of f of a nails=:-p^ of a 
nail. 
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yd. qr. na. 
Hence, From 5 

Take 0/y 

Dif^ence, 4 3 3|| 

4. From ^ of 5 acres of land, subtract ^ of 3 roodit. 

Ans, 2R. 4fP. 

5. From f of an ounce, take f of a pennyweight. 

Ans. 7pwt 15gr. 

6. From | of a hogshead, take -f of a quart. 

Ans. 6gal. Bqt ipt. 

94L» exercises in denominate fractions^ 

1. A person gave 4 of a pound for a hat, •!• of a shilling 
for some thread, and i of a penny for a needle. What 
did he pay for all ? Ans. 3 s. 2d. Zjfar. 

2. What is the value of -J- of a week, i of a day, and -J 
of a minute? Ans. 2da. 20hr. i5sec, 

3. What is the value of -J- of a pound, ■}■ of an oimce, 
and -f of a pennyweight, Troy? Ans. 2oz. ISpwt. 2fgr. 

4. If 4j pounds of sugar cost 43j cents, how much is 
it per pound? Ans. 10 cents. 

5. If I pay $404 for 8f bushels of apples, how much 
Jal give per bushel? Ans. 46^ cents. 

6. Four persons. A, B, C, and D, own a ship, of which 
A owns y of -f of the whole ; B owns -J of -J as much as 
A ; C owns ■}• as much as B ; and D owns the temaindet 
What are the respective parts owned by each ? 

'A owned -f^' 



Ans,^ 



D " «t. 
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7. From i of f of a day of 24 hours, take of -J- of IJ 
hour. Ans. 8 A. 30m. 

8. To f of 4i days of 24 hours each, add i of f of Z\ 
hours. Ans. 3 J. 9(2. 1 Im. AOsec. 

9. A certain sum of money is to be divided between 4 
persons in such a manner that the first shall have ^ of it. 
the second ^, the third ^, and the fourth the remainder, 
which is $28. What is the sum ? 

^4-^+^=^^ which wants just ^ of being the whole; 
nence, the fourth one had \ of the whole. Consequently, 
$28 is i of the whole, and the whole is $28 x4=$112. 

10. A received ^ of a legacy, B i^, and C the remain- 
der. Now it is found that A had $80 more than B. How 
much did each receive % 

^— f^ = i^g. Hence, $^80 was iV of the whole legacy j 
the legacy was therefore $80 x 15 =$1200. 
Hence, A had i of $1200=:$200. 

Bhad-iVof $1200=$120. 
C had the remainder =880. 
Proof, $1200. 
U. Eight detachments of artillery divided 4608 cannon 
balls in the following manner : The first took 72 and -J- of 
the remainder; the second took 144 and ^ of the remainder ; 
the third took 216 and \ of the remainder ; the fourth took 
288 and j of the remainder. The balance was equally 
divided among the remaining four detachments. How 
many balls did each detachment receive? 

Ans, Each received 576 balls. 
.2. Five persons divide 100 pounds of sugar as follows . 
The first takes | of f of the whole ; the seccnd takes ^ 
of f of the remainder ; the third takes ^ of f of the re- 
mainder; the fourth takes ^ of -f of the remainder; 
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and the fifth had what was left. How much did each 
receive? 

lb. lb. lb, OS dr 

' The 1st had tVWV of 100= A of 100= 10 11 6f, 
2d had tWW of 100=^ of 100=11 2 H- 
3d had iVWVof 100=iijft of 100=11 11 8. 
4thhadTViffrofl00=-aWff of 100 = 12 7 3* 
« 5th had-ft^Vof 100=iiH of 100=53 15 4^. 



Ans.^ 



u 
u 



yULGAR FRACTIONS REDUCED TO DECIMALS. 

9S* To change a vulgar fraction into an equivalent 
decimal fraction. 

Let us endeavor to change f into an equivalent deci- 
mal fraction. 

This fraction is the same as -f of a unit; and as 10 
tenths make a unit, the fraction is the same as f of -V- of 
a tenth,=3 tenths+f of a tenth. Again, -f of a tenth is 
the same as i of -^^ of one himdredth,=:7 himdredths+i 
of one hundredth. But f of one hundredth is the same aa 
■I of -^ of one thousandth, =5 thousandths. Therefore -f 
of a unit =3 tenths, 7 hundredths, and 5 thousandths, at 
as usually writt^ f =0*375. 

Hence we deduce this 

RULE. 

Annex a cipher to the numerator, and then divide by the 
denominator. If the dividend will not contain the divisor^ 
write in the quotient and annex another cipher, and then 
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^vide ; to the remainder annex another cipher, and again 
dimde by the denominator; and so continue to do until 
there is no remainder, or until as many decimal figures have 
been obtained as may be desired. The quotient will be the 
decima* fraction required, 

Kon.— It will be seen that this rule bears a close analogy to 
role under Art. 91, as it ought; since the va/ues of the succes. 
sire figures in a decimal fraction decrease in a tenfold ratio. 

EXAMPLES. 

1. What decimal fraction is equivalent to tV t 

16)100(0-0625 
96 

40 
32 

80 
80 



2. What lecimal is equivalent to t^? 

Ans, 0-05555, &c. 

3. What decimal is equivalent to-^l Ans. 005. 

4. What decimal is equivalent to tjV^ -^^^- ^'^^ 

5. What decimal is equivalent to -J- ? 

Ans, 0-3333, &c. 

6. What decimal is equivalent to 4"^ 

Ans, 0142857, &c. 

7. What decimal is equivalent to i^r ? 

Ans, 0K)909, &C. 

8. What decimal is equivalent to fV? 

Ans, 0076923, &o. 
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9. What decimal is equivalent to tV t 

Ans. 0*0588235, &€• 

10. Change f into an equivalent decimaL Ans. 0-75. 

11. Change f into an equivalent decimal. 

Ans. 0-6666, &0. 

12. Change f into an equivalent decimal Arts. 0"6. 
18. Qiange f into an equivalent decimaL 

Ans, 0-8333, &c 
14. Change f into an equivalent decimal. 

Ans. 0-5714285, &c. 
'5. Change -ft- into an equivalent decimal. 

Ans. 0-5625. 

16. Change -f into an equivalent decimal. Ans. 0-875. 

17. Change j^ into an equivalent decimaL Ans. 0*95. 

18. Change ^ into an equivalent decimaL Ans. 0-98. 

19. Change -Jl into an equivalent decimaL 

Ans. 0-928571428, &c. 
In the foregoing process of converting a vulgar fraction 
into an equivalent decimal fraction, we continue to annex 
ciphers to the remainders, and to divide by the denomina- 
tor of the vulgar fraction ; hence, whenever we obtain a 
remainder like one that has previously occurred, then the 
decimal figures will commence a repetition. And as no 
remainder can exceed or equal the divisor or denominator 
of the vulgar fraction, the whole number of diflferent re- 
mainders cannot exceed the number of units in the derom- 
inator less one ; consequently, when the decimal figures 
do not terminate, they must recur in periods whose num- 
ber of places cannot exceed the number of units less one 
in the denominator of the equivalent vulgar fraction. 

Decimals which recur in this way, are called repeiends. 
When the period begins with the first decimal figure, i\ 
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is called a simple repetend. But when other decimal 
figures occur before the period commences, it is called a 
compound repetend, 

A repetend is distinguished from ordinary decimals by a 
period or dot placed over the first and last figure of the 
circulating period. 

96. The following vulgar fractions give simple 
iep«f«nds: 

t=0-3. 
i=0i42857. 

i=o-i. 

-A:=009. 

1^=0-076923. 

tV=0()5882352941 17647. 

TV=0-65263157894736842i. 

isV=0047619. 

jjV=0-6434782608695652173913. 

97, The following ones give compound repetends: 

f=:016. 

T>jr=0083. 

aV=007l4285 

tV=:006. 

tV=005. 

5V=0045. 

s»t=00416. 

08. Those simple repetends, which have as many 
terms, less one, as there are imits in the denominator, we 
shall call perfect repetends. The following are some erf 
the perfect repetends : 
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+=0142857. 
tV=0 05882352941 17641 
tV=0 052631578947368421. 
T^=0-64347«2608695652173913. 
iiV=0-634482758620689655172413793i. 

Note.— For some interesting properties of repetendSf see Highef 
Arithmetic. 



REDUCTION OF DENOMINATE DECIMALS. 

99* A denominate decimal is a decimal fraction of a 
unit of a particular kind. Thus, 0-45 of a £, is a denom- 
inate decimal, since the unit is ^1 ; for the same reason| 
0-25 of a foot is a denominate decimal, the imit being 1 
foot. 

What if a danominate decimal 1 Give some examples. 
CASE L 

To reduce denominate numbers of different denominap 
tions to a decimal of a given denomination. 

Let it be required to reduce 15^. 6d, dfar. to the deci- 
mal of a £. 

I. 3/ar.=id.=0'75(f. 

II. 6d, dfar, is therefore the same as 6*75 J. ; if we 

iivide this by 12, it will become 

6-75 

=0-5625«. 

12 
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nL I5s, 6d. 3/af.=15-6625j. ; this divided by 20, g^ves 

15-5625 

=0-778125 of a £. 

20 

for the decimal sought. The work niay be more con^ 

diely done, as in the following 



oferaTion. 



4 

12 

2|0 



3far, 



6-75i. 



16-5625A 



0-778125 of a £. 



EXPLANATION. 



TVe placed the different denominations above oach other, 
so that the smallest denomination stood at the top ; we 
then supposed ciphers annexed to the 3 farthings, and 
divided by 4, since 4 farthings make one penny, and the 
quotient, which must be a decimal, we placed at the right 
of the 6d. ; we next divided 6'75d, with ciphers annexed, by 
12, because 12 pence make one shilling, and the quotient, 
which is also a decimal, we placed at the right of the I5s. ; 
finally^ we divided the 15-56255. by 20, because 20 shil- 
lings make one pound. In dividing by 20, we cut off the 
dpher, and then divided by 2, observing to remove the deci- 
mal point one place to the left. 

We therefore have this 

RULE. 

Place the different denominations above each other^ so thai A 

ike lowest denomination may stand at the top : commencing at j 
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the topj annex ciphers^ and divide each denomination by the 
number expressing how many of such denomination make a 
unit of the next higher denomination. The last quotient wili 
be the decimal required, 

BepMt thii Rule. 

EXAMPLES. 

1. Reduce £S 5s. 2d, IqL to the decimal of a jC 



OPERATION. 



4 

12 

210 



1 

2-25 



5-1875 



8-259375 of a £. 



2. Reduce dqr, 2na, to the decimal of a yard. 

OPERATION. 

42_ 
4 3-5 
0-875 of a yard. 

3. Reduce Ift. 4m. to the decimal of a yard. 

OPERATION. 



12 
3 



1-3333, &c. 



0-4444, &c. of a yard. 



4. Reduce 3Z6. Aoz. Spwt, Igr, Troy, to the decimal of a 
pound. Ans. 8 36684027777, &c., of a lb. 
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5. Reduce 3 A. SOm, \Osec. to the decimal of a day. 

Ans. 0145949074074, &c,, of a day. 

6. Reduce ^3 5^. OcL 2far, to the value of a £. 

Ans, £3-252083333, &c. 

7. Reduce 28 gallons of wine to the decimal of a hogs- 
head. Ans, 0-4444, &c., of a hogshead. 

8. Reduce 4^ 6id, to the decimal of a £. 

Ans. £0-2270833, &c, 

9. Reduce 18^. 3fJ. to the decimal of a £. 

Ans. £0-915625. 

10. Reduce 3 pecks, 5 quarts and 1 pint to the decimal 
of a bushel. Ans. 0921875 of a bushel. 

11. Reduce llhr. 16m. I5sec. to the decimal of a day. 

Ans. 0-469618055, &c., of a day. 

12. Reduce 20 rods, 4 yards, 2 feet and 6 inches to the 
decimal of a furlong. 

Ans. 0-521969696, &c., of a furlong. 

13. Reduce 42i7i. 36^ec. to the decimal of an hour. 

Ans. 0-71, of an hour. 
14 Reduce 30 days, 3 hours, 27 minutes, 30 seconds, to 
the decimal of a year of 365-24224 days. 

Ans. 0082253+ &c., of a year. 
15. Reduce 5hr. ASm. A9'536sec. to the decimal of b 
day* >Ans. 024224 of a day. 



CASE n. 

To find the proper value of denominate decimak. 
Find the value of 0-778125 of a £. 
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OFXaULTION. 



0778125 of a £. 

20=shilling8 in £1 

15-562500 of a shilling. 
12 =pence in 1j. 

11260 
5625 

6-7500 of a penn;^. 

4 =farthings in 1 penny. 

300 farthings. 
Which gives 15j. 6 J. Zfar. 

EXPLANATION. 

We first multiplied the decimal of a ^ by 20, becaise 
20 shillings make 1 poimd ; pointing oflf by the rule for 
decimals, we foimd 15^. and 0-5625 of a shilling. Then 
we multiplied this decimal of a shilling by 12, because 12 
pence make 1 shilling ; pointing off, we found 6(Z. and 0*75 
of a penny, which being multiplied by 4, because 4 far- 
things make 1 penny, gave just 3 farthings. 

By carefully considering the above operation, we deduce 
this 

RULE. 

Multiply the decimal hy the number expressing haw fnany 
of the next Imoer denomination make a unit of the denomr 
intUion of the decimal; point off by the usual rule for 
decimals ; multiply the decimal party thus pointed off^ at 
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kfore; and so continue to the lovoest denomination; the 
several denominate values sought will appear at the left oj 
the decimal point of the successive products. 

Rflneat Uiii Rule. 

EXAMPLES 

1. What is the value of 0-9075 of an acre? 

OPERATION. 

0-9075 

4=roods in \A. 

3-6300/e. 

40=:rods in IR, 

25-2P. 

Ans, 3iJ.25-2P. 

2. What is the value of ^0-^25? Ans. 2s, 6d. 

3. What is the value of J60-66-J1 Ans. \Zs. U. 

4. What is the value of 0-375 of a hogshead of wine^ 

Ans. 22gal 2qt. \pt. 

5. What is the value of 0-121212 of a year of 365 days ? 

Ans. 4iida. 5hr. 49m. I'6d2sec. 

6. What is the value of 0-3355 of a pound avoirdupois 1 
• Ans. 5oz. 5'SSSdr. 

7. What is the value of 0-3322 of a ton? 

Ans. 6cwt. 2qr. I6lb. 2-048ojr. 

8. What is the value of 0-2525 of a mile ? 

Ans. 2fur. Ord. iyd. Ift. 2-4m. 

9. What is the value of 0-345 of a J6 ? 

Ans. 6s. lOd. 3'2far. 
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10 What is the value of 0-121212 of a day? 

Ans. 2hr. 54m. 32-7168j«; 

1 1. What is the value of 0*3456 of a JB ? 

Ans. 6s, lOd 3-776/ar. 

12. What is the value of 0-9875 of a £ ? 

Ans, I9s.9d. 

13. What is the value of 0-24224 of a solar day? 

Ans. 5kr. 48m. 49*536iec. 



DUODECIMALS. 



100. In decimals wo have seen that the figures 
decrease in a tenfold ratio, from the left towards the 
right. 

In duodecimals, this decrement goes on in a twelvefold 
ratio. 

The different denominatfons are the foot (/) the prisne, 
or inch ('), the second ("), the third ('"), the fourth {""), 
the fiflh ('""), and so on. 

Thus, 7/, 6', 3", 4% 5"", is read 7 feet, 6 primes, 3 
seconds, 4 thirds, 5 fourths. 

The accents used to distinguish the denominations be- 
low feet, are called indices. ^ 

Taking the foot for the unit, we have the following 
relations : 

1' =:^ of 1 foot. 

1" =tV of tV of 1 footrrrh- of 1 foot. 

1 " =tV of tV of tV of 1 foot=T,^*„ of 1 foot. 

1""=tV of tV of tV of tV of 1 foot=TirfffT of 1 foot 
&c. &c. &c. Ac 
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ADDITION AND SUBTRACTION OP DUODECIMALS. 

101. Addition and Subtraction of duodecimals, ai« 
perfonned like addition and subtraction of other denom- 
inate numbers, remembering that 12 of any denomination 
make one of the next greater denomination. 

h deeimab how do Hgunt decieaso from tho left towaid the right 1 Id duodaei* 
■ak how do they decrease 1 What are the different denominati<HU of cnodecimabt 
What are the aeeents called which are used to distinsoith the different deDominatiom 
Mew the foot 1 How it addition and lobtraction'of dnodecimali perfonned 1 

(1.) (2.) 

17/ 7' 8" 365/ 1' 7" 9" 

25/ C 2" 621/ lO' 10" 11'" 

30/ 10' 11" 605/ 8' 8" 1'" 

29/ 6' 6 " 731/ 3^ 0^' 8^ ^^ 

103/ 1' 3 ^' 2224/ 0' 3" 5 '" 

3. What is the sum of 3/ 6' 4", 8/ 3' 4", 9/ 1' 3", and 
.0/10' 10"? Ans.3lf.9'9*\ 

4. What is the sum of 100/ 8' 8'', 135/ 0' 1", 65/ 9 
8", 45/ 3' 3'', and 200/ 6' 6" 1 Arts. 547/ 3' 8". 

(5.) (6.) 

From 87/ 3' 4" 100/ 10' 10" 

Subtract 35/ 8' 9" 90/ 6' 3" 

Remainder 51/ 6' T ' 10/ 4' 7" 

7. From 25/ 6' 6" subtract 18/ 9' 10''. 

Ans. 6/ 8' 8". 
a Prom 100/: subtmct 58/ 2' 1". Ans. 41/ 9' 11". 
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MULTIPLICATION OF DUODECIMALS. 

103. Suppose we wish to multiply 14/! 7' by g^. 3 
V7e should proceed as follows : 
14/ 7' 
2/ y 
3/ r 9" 
29/ 2^ 

iiiw. 32/ 9^ 9 ^^=32/+ ,^ of a foot+jfr of a foot. 

EXPLANATION. 

We begin on the right hand, and multiply the multipli- 
cand through, first by the primes of the multipHer, then 
by the feet of the multiplier, thus : 3' x 7'=:-ft x •ft-=Ty? 
of a foot, which is 21"=r 9" ; we write down the 9", and 
reserve the T for the next product ; again, 1 4/ x 3'= 14 x 
A=4f of a foot, which is 42' ; now adding in tjie 1', 
which was reserved from the last product, we have 43'= 
3/ 7', which we write down, thus finishing the first line 
of products. 

Again, we have 2/x7'=2x-ft=+i of a foot, which 
is 14' =1/2'; we write the 2' under the primes of the 
line above, and reserve the 1/ for the next product ; 2/! x 
14/! =2 8/, to which, adding in the 1/ reserved from the 
last product, we have 29/, which we place imdemeath 
the feet of the line above. Taking the sum, we find 32/ 
9' 9", for the answer. 

From the above we infer, that if we consider the index 
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of the feet to be 0, then the denomination of each product 
wiU be denoted by the sum of the indices of the factors, 

ThuSf feet by feet, produces feet ; feet hy primes, pro* 
duces primes ; primes bj primes, produces seconds, &c. 

Hence, to multiplj a number consisting of feet, inchos, 
Beconds, &c., by another number consisting of like quan 
tities, we have this 

RULE. 

Place the several terms of the multiplier under the cqT' 
responding ones of the multiplicand. Beginning at the right 
hand, multiply the several terms of the multiplicand by the 
several terms of the multiplier successively, placing' the 
right-hand term of each of tlie partial products under its 
multiplier ; then add the partial products together, observing 
to carry one for every twelve, both in multiplying and add^ 
ing. The sum of the partial products will be the anstver. 

Bapeftt this Rak. 

EXAMPLES. 

1. What is the product of 3/ 7' 2" by 7/ 6' 3"? 

OPERATION. 

3/ 7' 2" 

7/ 6^ 3 ^^ 

10" 9''' 6"" 
1/ 9' 7" 0'" 
25/ 2^ 2'' 
Ans, 27/ 0^ r 9"'& '" 
17 
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2. Multiply 7/ 8' bj 6/ 4' 3"? Ans. 48/ 8' 7". 

3 Multiply 6/^' 7" by 4/ 2'? >ln^. 28/ 3' 1 1" 2'". 

4. What is the area of a marble slab, whose length ih 
7/ 3', and breadth 2/11'? Ans, 21/ 1' 9". 

5. How many square feet are contained in the floor of 
a hall 37/ 3' long, by 10/ 7' wide? Ans. 394/ 2' 9". 

6. How many square feet are contained in a garden 
100/ 6' in length, by 39/ 7' in width? Ans. 3978/ 1' 6". 

7. How many yards of carpeting, one yard in ^dth, 
will it require to cover a room 16/ 5' by 13/ 7' ? 

Ans. 24yd. 6f. IV 11". 



REDUCTION OF CURRENCIES. 

103. Before the adoption of Federal money in this 
country, accounts were generally kept in the denomina- 
tions of English money. Different States considered the 
pound as haiing different values, as given in the following 

TABLE. . 

$1 in England =4 J. 6d.=z£-^, called Sterling money. 
•I in J South Carolina > =4^. 8i.=j5^, called Greorgin 

i Georgia > currency. 

ftl in 5 ^^^^^* I = 5s.=z£-ij called Canada cur- 
( Nova Scotia S rency. 
'New England States" 
Virginia 
Kentucky 
. Tennessee 



•1 in-< 



=z6s.=z£-^j called Nen 
England currency. 
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$1 in^ 



"New Jersey 
Pennsylvania 
Delaware 

_ Maryland 

{New York 
Ohio I 

North Carolina J 



=7^. 6d.=i£% called Pennsyl- 
vania currency. 

I =zSs.z=:£i, called New York 
currency. 



How were aceoonts kept before the adoption of Federal money 1 Did all the Statet 
fliltmate the pound at the same value 1 What fraction of a X ii #1 in Sterlinf money 1 
What part of a j5 is •! in Georgia eurrencyl What part of a iJ it •! Canada eorreneyl 
What part of a JE ii •! New England currency 1 What part in PenniylTania eor- 
BBDcy 1 What port in Now YorK eurrencyl 



CASE L 

104. To reduce Federal money to pounds, shillings, 
and pence, we obviously have this 



RULE. 

Mtdtiply the sum in Federal money by the value of $1 
expressed in the fraction ofapound^ as given in the above 
Table ; the product will be pounds. If there are decimals 
of a pound, they must be reduced to shillings (tnd pence by 
Rule under Art. 99« 

What is the fraction by which we multiply Federal money to reduce it to Sterling 
■oDey 1 What fraction do we multiply to reduce it to Georgia currency 1 What it 
Hm flaetion fbr Canada currency 1 What fur New England eur?eney1 What fof 
NusylTania currency ? What for New York currency 1 If in the product thett 
■• itdmtik of a pound, how do you dispote of them 1 



EXAMPLES. 



«. Reduce $100*20 to the different currencies, as given 
b the preceding Table. 
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£ S. d 

'22 10 lOf Sterling money. 



Aiw. $100-20=. 



23 7 7\ Georgia currencj? . 

25 1 Canada currency. 

30 1 2| New England cunency 

37 11 6 Pennsylvania cunency. 

40 1 7-J- New York cunency. 



2. Beduce $37-37 to the cUflferent currencies 



iliw. $37-37=-^ 



£ s. 

r 8 8 

8 14 

9 
11 
14 



1-98 Sterling money. 

4*72 Georgia currency. 
6 10-2 Canada currency. 
4 2-64 New England currency. 
3-3 Pennsylvania currency. 



14 )8 11-52 New York currency. 



3. Reduce $1000 to equivalent values in the differeni 
currencies. 

£ 
'225 Sterling money. 

233 65P. 8J. Georgia currency. 
250 Canada currency. 

300 New England currency. 

375 Pennsylvania currency. 

_400 New York cunency. 



Ans. $' J00= . 



CASE n. 



lOS. To reduce a sum in either of the above currencMi 
;o Federal money. 

It is obvious, that by inverting the fractions which ex- 
press the value of $1 in pounds, as given in the preceding 

Digitized by Google 



CURRENCIES 197 

tuble, we shall obtain the value of ;^1 in dollars. Cod- 
^uently, we deduce this 



RULE. 

«• Reduce the shillings and pence, if any , to a denmal of 
tpoundy by Rule under Art, 99. 

11. Multiply the pounds and decimals, if any, by the 
fractions of the preceding table, after invoting them ; the 
products will be in dollars and decimals of a dollar. 

By what fraction muit we multiply Sterling money to redace it to Federal moiey 1 
What fraction do we multiply by to reduce Georgia currency to Federal money 1 By 
vhat do we mnlt^ly to reduce Canada cnxiency 1 By what to reduce New England 
coReney 1 By what to reduce Pennsylvania currency 1 By what to reduce New 
York currency 1 



EXAMPLES. 

1. Reduce £75 I5s. 6d, of the respective currencies 
mentioned in the preceding table, to Federal money. 

£75 155. 6(?. =£75-775, which multiplied by the re- 
i^pective fractions ^, ^y f , ^, f , and f , gives the follow- 
ing answer • 

'Sterling money =$o3b-77-f. 

Georgia currency = 324-75. 

Canada currency = 303-10. 

New England currency= 252-584-. 
Pennsylvania currency =: 20206|. 
_New York currency = 18943^ 

3. Reduce £80 5^. Zd, of the different currencies to 
Federal money. 

17* 
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Ans,£S0 5s,3d.^ 



Ans. £iOOO. 



' Sterling money =$36G-722f 

Georgia currency = 343-982-|^. 

Canada currency == 321-05. 

New England currency = 267*54 If. 

Pennsylvania currency= 214033^. 
^New York currency = 200-656f, 

3. Reduce ^1000 of the different currencies to Federal 
money. 

' Sterling money =$4444-444^. 

Georgia currency = 4285*7 1 4f. 

Canada currency = 4000. 

New England currency= 3333-333^. 
Pennsylvania currency = 2666*6661. 
.New York currency = 2500. 

106. The following are the rates at which* some of 
the foreign coins are estimated at the custom-houses of 
the United States : 

English ,£ $4*84. 

livre of France ......... $018i. 

Franc of do . . . $0-18f. 

Silver Rouble of Russia $0-75. 

Florin or Gailder of the United Netherlands $0*40. 

Mark Banco of Hamburg $0*35. 

Real of Plate of Spain $0*10. 

Real of Vellon of do $0*05. 

Mibrea of Portugal $1-12J-, 

Tale of China $1*48. 

Pagoda of India $1*84. 

Rupee of Bengal $0 50. 

Specie dollar of Sweden and Norway . . $1-06. 

Specie dollar of Denmark $105. 
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Thaler of Prassia and N. States of Germany $0*69. 
Florin of Austrian Empire and City of 

Augsburg $0-481-. 

lira Lombardo-Yenetian Kingdom and of 

Tuscany $016. 

Ducat of Naples ! $0-80. 

Ounce of Sicily $2*40. 

Pound of British Provinces, Nova Scotia, New 

Brunswick, Newfoundland, and Canada . $400. 

• Rix-dollar of Bremen $0-78f. 

Thaler of Bremen $0-71. 

Mil-reis of Madeira $100. 

" of Azores $0-83i-. 

Rupee of British India $0-44i. 



RULE OF THREE. 



107. The quotient arising from dividing one quantity 
by another of the same kind or denomination^ is called ft 
ratio. 

Thus, the ratio of 

12 to 2=V=6. 
12 to 3=J^=4. 
12 to 4=Y=3. 
12 to 6=V=2. 
12 to 12=-H=1. 
Hence, we see that the ratio of two quantities shows 
bow many times greater the one is than the other. It if 
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therefore evident, that there caimot exist a ratio between 
two quantities of different denominations. There is no 
ratio between 12 feet and 3 pounds, for we cannot saj? 
how many times 12 feet is greater than 3 pounds. Bmx 
there is a ratio between 12 feet and 3 feet, which is 

There is the same ratio between 12 pounds and 3 
pounds. The ratio is itself an abstract number ; it is not 
a denominate number. The ratio of 12 feet to 3 feet is 4 
units simply ; it is neither 4 feet nor 4 pounds, but simply 
4 times 1 ; showing that 12 feet is 4 times as great as 3 
feet. In this way we find 

The ratio of 10 yards to 5 yards =-V-=2. 

" 8 inches to 4 inches = f =2. 

" 7 ounces to 3 ounces = f =2-1. 

" 5 bushels TO 2 bushels =-S-=2i. 

" 7 rods to 4 rods = f = If . 

" 9 cords to 4 cords = f =2J. 

" 40 acres to 18 acres =f^=-^=2f. 

When the ratio of two quantities is the same as the 
ratio of two other quantities, the four quantities are in* 
proportion. Thus, the ratio of 8 yards to 4 yards, is the 
same as the ratio of 12 dollars to 6 dollars ; therefore, 
there is a proportion between 8 yards, 4 yards, 12 dollars, 
and 6 dollars. 

The usual method of denoting that four terms are in 
proportion, is by means of pomts, or dots. Thus, the abova 
proportion is written 

8 yards : 4 yards : : 12 dollars : 6 dollars; 
in which two dots are place i between the first and second 
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terms, and between the third and fourth ; and four dots 
between the second and third. The proportion is read 
8 yards is to 4 yards as 12 dollars is to 6 dollars. 

Of these four terms, the first and fourth are called ex* 
tremes; the second and third are called means. 

Since in a proportion the quotient of the first term divided 
bj the second, is equal to the quotient of the third term 
divided by the^ fourth, we have, using the above proportion, 

8 yards ^ 12 dollars ^ or, which i. tm more .imply <i^l^ 

4 yards 6 dollars S expr««»d, \^ 5 • 

If we reduce these fractions to a common denominator, 
(Art. 4:0,) they will become 

8x6 12x4 . . ^ 

1 — «""« — i' °^' omittmg the com- 

4 X O O X T» 

aaon denominator 4x6, which is in eflfect multiplying 

each fraction by 4x6, we have 8x6 or 48=12x4 or 

48; that is, the product of the extremes is equal to the pro- 

iuct of the means. 

. . 8x6=48 , ,8x6=48 ,. 

Affam, =4, and =12. 

^ ' 12 ' 4 

Hencey if the product of the extremes be divided by either 

mean^ the quotient will be the other mean, 

. . 12x4 _ ,12x4 - 

Agam, =6, and =8. 

8 6 

Hence, if the product of the means be divided by either es> 
tremcy the quotient will be the other extreme. 

From the above properties, we see that if any three 
of the four terms which constitute a proportion are given, 
the remaining term can be found. 

108. The method of finding the fourth term of a pro- 
portion, when three terms are given, constitutes the Rulb 
OP Three. 
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I 
What is th« quotient arising from diriding OM number by another of the tame kiai 
called ? What u the ratio ofl3to2? Ofl3to3? Ofl3to41 What does the 
ratio of two quantities show 1 Can a ratio exist between two quantities of difi^ent 
denominations ? Is there a rat^o between 13 feet and 3 pounds 1 Can the ratio be a 
denominate number 1 How are four quantities related when the ratio of the first te 
the second is the same as the ratio of the third to the fourth % Which are called ex- 
tremes ? Which are called means 1 To what is the product of the extremes equal 1 
If the product of the extremes be divided by one of the means, what will the quoUent 
be ! How many terms of a proportion must be known in order to find the others 1 

1. Let US endeavor to find the value of 24 yards of cloth, 
on the supposition that 8 yards are worth $42. 

It is obvious that the value sought must be as many 
times greater than $12 as 24 yards is greater than 8 yards. 
Hence, there is the same ratio between $12 and the vahie 
sought^ as there is between 8 yards and 24 yarcte. Ckm- 
sequently, we have this proportion : 

8 yards : 24 yards : : $12 : value sought. 

Taking the product of the means, we have 24 x 12= 
288. This, divided by the* first term, gives -4^=36 for 
the fourth term sought, which must be of the same kind af 
the third term ; therefore, $36 is the value of 24 yards. 

Note. — When we take the product of the means we do not mul- 
tiply the 24 yards by 12 dollars, but simply multiply 24, the number 
denoting '^e yard^^y 12, the number denoting the dollars. The pro- 
duct, 288, is neither yards nor dollars, but 288 units. When we dividB 
this product by the first term of the proportion, we do not divide 
by 8 yards, but simply divide by 8, the number denoting the yards. 
The quotient, 36, gives the fourth term of the proportion ; and since 
the fourth term is of the same denominate value as the third term, 
our fourth term, or answer, must be 36 dollars. 

2. What will 312 pounds of coffee cost, if 25 poundf 
cost $3*25 ? 

In this example, the ratio of 25 pounds to 312 pounds, 
is the same as the ratio of $3 25 to the number of dollars 
sought. Hence, 
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* ^pounds : 312 pounds : : f3-25 : the answer. 

312 

65a 

325 

975 



25)10l400($40-56 
100 

140 
125 

I50 
150 

Here we first multiply the means together ; we tken 
divide the product by the first term. 

Since there is a ratio between the third and fourth terms 
it follows that they must be of the same denominate value. 
Hence, of the three quantities given, we may always take 
for the third term of our proportion the quantity which is 
of the same kind as the answer required ; then, if the 
answer sought is to be greater than this third term, the 
second term must exceed the first ; but if the answer 
sought is to be less than this third term, then the second 
term must be less than the first. ■ 

109« From what has been said and done, we deduce 
this first form for the 

RULE OF THREE. 

/. Form a proportion by placing for the third term^ the 
^pumtity which is of the same kind as the answer sought ; 
the two remaining quantities must be taken for the first and 
second terms, observing to take the larger of the two quantities 
^or the second term, when the answer sought is to exceed the 
third term ; but to take the smaller of the two quantities for 
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the second term^ when the answer is to he less than the tktrd 
term. 

IL Having written the three terms of the proportion^ or^ 
as usually expressed, having stated the question^ then multiply 
the second and third terms together , and divide the product 
by the first term. 

Note. — Since there is a ratio between the first and second tenns, 
they must be reduced to the same denominate value. Also, the 
third terih must be reduced to its lowest denomination ; then th« 
quotient found by dividing the product of the means by the finK 
term, will be of the same denomination as the third term. 

In stating questions in the Rule of Three, which quantity must be taken for tiie 
third term? Of the two remaining quantities, which is to be taken for the second 
term 1 After the question is stated, how do you proceed to find the answer ? Is 
it ever necessary to make any reduction in the tenns before multiplying and diridingl 
What are these reductions % The answer when found, will be of tUi same name a* 
which term 1 

EXAMPLES. 

1. What is the cost of 6 cords pf wood, at $7 for 2 
cords? 

2 cords : 6 cords : : $7 : Ans. 

2)42 

Ans. $21 

2. What will 9 pair of shoes cost, if 5 pair cost £2 
2f. 6d? 

6 pair : 9 pair : : £2 2s 6J. 
When reduce i, 5 pair : 9 pair : : 510(f. 

9 

5 )4590 
Ans. 918d=r^3 16^. 6<;. 
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3. If there are 9 weeks in 63 days, how many weeks 
tie there in 365 days ? 

63 days : ?65 : : 9 weeks. 
9 





63)3285(52A=52i 
315 

135 
126 

9 


weeks. Ans, 






4. If 


a railroad car goes 17 iriles in 45 minutes, how 


far will 


it go in 5 hours ? 




or 


45 minutes : 5 hours : : 
45 " : 300 minutes : : 
17 


17 miles. 
17 u 



2100 
300 



45)5100(1131 miles. Ans. 
45 
"60 

45_ 

. 150 

135 

15 

5. If $100 will gain $7 in one year, how long will it 
Kquire to gain $100? Ans. 14f years. 

6. If 3 paces or common steps of a person is equal to 
2 yards, how many yards will 480 paces make? 

Ans. 320 yards. 

7. If 15 men can raise a wall of masonry 12 feet in one 
week, how many will be necessary to raise it 20 feet in 
the same time? Ans. 25 men. 

8. If 5 tons o' coal, of 2000 pounds each, will last S-J 

18 
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months of 30 days each, how much will be consumed in 
3 weeks, or 21 days? Arts, 1 ton, or 2000 pounds. 

9. If 9^ bushels of wheat make 2 barrels of flour, how 
many bushels will be required to make 13 barrels? 

Ans. 61f bushels. 

10. If a steamboat of 242 feet in length move 15 milca 
in one hour, how many seconds will it require to move iti 
own length? Ans. 11 seconds. 

11. If a steamboat of 242 feet in length move 15 mile» 
an hour, how many times its own length will it move in 
11 hours? Ans. 3600 times, 

12. A reservoir has a pipe capable of discharging 30 
gallons in one minute, what time will be necessary to dis- 
charge 15 hogsheads ? Ans. 31^ minutes. 

13. If a man can mow 9 acres of grass in 3^ days of 
10 hours each, how long will it require for him to mow 
21 acres? Ans, 8^ days. 

14. If 100 pounds of galena, or lead ore, jdeld 83 pounds 
of pure metal, how much pure metal will 7 tons of galena 
produce, if we reckon 2240 pounds to the ton ? 

Ans. 13014f pounds. 

15. If 12 banels of flour are worth $54, what ig the 
value of 42 barrels at the same rate ? 

12 banels : 42 barrels : : $54 

_42 

108 
216 



12)2268(189 dollars. Ans. 
12 

106 
96_ 

108' 
108 
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In this example, it is obvious that 2 times 12 barrels 

would be worth 2 times $54 ; 3 times 12 barrels would be 

worth 3 times 854 ; 4 times 12. barrels would be worth 4 

times $54. These ratios 2, 3, 4, may be expressed by 

2x12 24 3x12 36 4x12 48 

= — , = — J =— ; and m a 

12 12 12 12 12 12' 

similar manner, the ratio of 42 barrels to 12 barrels is ^. 

If we multiply $54 by this ratio, it will give the value 

of 42 barrels. The operation may be expressed thus: 

$54x+f. We may now simplify this expression as by 

Art. 39. Thus, dividing the denominator 12, and the 

numerator 42, each by 6, the expression becomes 

7 

$54x^, or$54xf. 

2 
Cancelling the denominator 2 against a corresponding 
factor of the numerator 54 (=-V-)) we have 
27 '7 

$4 X I, or $27 X 7=$189. Ans. 
% 
16 What will 84 bushels of apples cost, if 14 bushels 
aie worth $6-75 ? 

The ratio of 84 bushels to 14 bushels is -tf. Now, mul- 
tiplying $6*75 by this ratio, we have 
$6-75 X ft. 
Dividing 84 of numerator and 14 of the denominator 
each by 7 we obtain 

12 

$6-75x^, or$6-75xJ^. 



d by Google 



208 ELEMENTARY ARITHMETIC. 

Again, dividing 12 of numerator and 2 of denominatot 
each hy 2, 

6 

$6-75 X ^ or, $6 75 X 6 = $40-50. Ans. 

From these two examples, we see that the Rule of Three 
may be given in the following simple form • 



RULE OF THREE> 

Of ike three quantities which are given, one wUl always be 
if the same kind as the answer sought ; this quantity will be 
the third term. Then, if by the nature of the question, ths 
answer is required to be greater than the third term, divide 
the greater of the two remaining quantities by the less, for a 
ratio ; but if the answer is required to be less than the third 
term, then divide the less of the two remaining quantities by 
the greater, for a ratio. Having obtained the ratio, multiply 
the third term by it, and it will give the answer in the same 
denomination as is the third term. 

Note.— Before obtaining the ratio, by means of the first two 
terms, we must reduce them to like denominations. 

17. If 200 sheep yield 650 pounds of wool, how many 
poimds will 825 sheep yield? 

In this example, the answer is required to be in pounds ^ 
we therefore take 650 poimds for the third term. The 
ratio of 825 sheep to 200 sheep is -f^. Hence we have 
650Zft.XfH. J 

Cancelling, we have 
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33 

650Z6. X rr- or, 650Z6. x V- 

8 
Again, cancelling, we have 

3251b. X ??=??^2ii^=2681 J/6. Ans. 
$ 4 

4 

13. If -H of a pound of sugar cost -H" of a smiling, how 
much will -jfr of a pound cost 1 

In this example, our third term is f f of a shilling. And 
mnc# -A 0^ a pound is less than -H? we must obtain our 
ratio by dividing -f^ by -j-t, which gives -j^X+f-. Mul- 
tq)lying the third term by this ratio, we have If of a shil- 
lw^X-g%X+f. To reduce this with the least labor, we 
must resort to the method of cancelling. Thus, cancel- 
ling the 23, which occurs in both numerator and denomi- 
nator, also 13 of the numerator against a corresponding 
(actor of the 26 of the denominator, our expression will be- 
come i of a shilling XiX-fr=-fs of a shilling. 

Note. — This method of cancelling should be used when the 
oatore of the question will admit, since it will always simplify the 
operation 

19. If a tree 38 feet 9 inches in height, give a shadow of 
49 feet 2 inches, how high is that tree which, at the 
tame time, casts a shadow of 71 feet 7 inches ? 

In this example, our third term is the height of the first 
tree, which is 38 feet 9 inches =38^ feet=J-p feet: oui 
ratio will be obtained by dividing 71 feet 7 inches = 7 l-ft 
feet=W-^eet, by 49 feet 2 inches=49i feet =*f«- feet: 
which thus becomes ^ff- x t^r-- Multipljring the third term 

18* 
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by this ratio, we have J-p feet x -W X yfr- Cancelling 6 
of the numerator against 6, a factor of the 12 of the de- 
nominator, also cancelling 5, a factor of 155 of the nu- 
merator, against 5, a factor of 295 of the denominator, we 
get ^feetxAp-X-jV='^ifF=56iff feet, for the answen 

20. If 3-J- pounds of coffee cost 2-^ shillings, how much 
will 10} pounds cost ? 

In this example, 2-i-=-} shillings must be our third term; 
and since 10^=^ pounds must cost more than 3^=f 
pounds, we must divide ^hy i for the ratio ; making it 
V- X f . Multiplying the third term by this ratio, ^ e ob^ 
tain f shillings X V^ X f ; which, after cancelling, becomes 
•J- of a shilling x-V"=^ shilKngs=:6f shillings. 

tcl. Gave $72 for 11 barrels of fish. How much will 
88 barrels cost at the same rate ? Arts. $576. 

22. If 43i pounds of cheese cost $2*20, what will 216| 
pounds cost at the same rate? Ans, $11. 

23. If I pay $3*90 for sawing 7 oords of wood, how 
much ought I to give for sawing 23| cOrds ? Ans. $13. 

24. If -jS^ of a ship is worth $2853, what is the whole 
worth 1 

The ratio of the whole ship, or ||, to ^y is ^, Hence, 
$2853x^=$951 X 10=$9510 Ans. 

25. If ^ of my income is $533, what is my whole 
income? Ans. $1732-25. 

26. A person failing in business, finds that he owes 
$7560, and that he only has $3100 to pay it with. How 
much can he pay to that creditor whose claim is $756? 

Ans. $310. 

27. If it require 5^ bushels of wheat to make one barrel 
of flour, how many bushels will it require for 100 barreli 
J>f flour ? Ans. 550 bushels. 
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. 28. If 7 barrels of flour are sufficient for a family 6 
months, how many barrels will they require for 11 
months 1 Ans. 12|- barrels. 

29. If it take 25 yards of carpeting, a yard wide, to covei 
a certain floor, how many yards of ^ carpeting would be 
oecessary to cover the same floor ? Ans, 33i yards. 

30. If a person travel 8 miles in 10 hours, how far will 
bib travel in 5 days, by traveling 8 hours each day ? 

Ans. 32 miles. 

31. If 35 pounds of feathers cost $15, what will 100 
pounds cost at tho same rate ? Ans. $42'85f . 

32. If a man perform a certain piece of work in 18 
days, when he works 8 hours per day, how many days 
will he require if he work 10 hours each day ? 

Ans. 14 days, 4 hours. 

33. If a piece of board 12 inches wide and 12 inches 
long make one square foot, how many inches of length 
must be taken from a board 1 5 inches wide to make a 
square foot ? Ans. 9f inches. 

34. If 8 men can mow a field in 5 days, in how many 
days can 5 men do the same ? Ans. 8 days. 

35. If 271 yards of cloth cost $60, how many yards 
can I buy fcr $100? Ans. 45f yards. 

36. If 27i yards of cloth cost $60, what will 45|- yards 
cost? Ans. $100. 

37. If 4 of a ship is worth $9000, what is her whole 
value? 

The whole ship being a unit, or -I, we have the ratio f; 
hence, the answer is $9000 x.f=$ 14400. 

38. If ^ of a city lot is sold for $500, what would ,% 
of the game lot sell for at the same rate ? Ans. $1166|. 

39. Admittmg that the earth moves in its orbit about 
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the sun, a distance of 697000000 miles, in 365 days 6 
hours, how far on an average does it move in each hour ? 

Ans. 68104T{fT ^i^^s. 

40. The equatorial portions, by the diurnal rotation o 
the earth, moves about 24900 miles each day ? How fat 
is that in each bDur? Ans, 1037^ miles. 

41. If it require 10 years of 365-}- days for light to paat 
from a fixed star to the earth, how many miles distant ia 
it, on the supposition that light moves 192000 miles in 
one second ? Ans. 60590592000000 miles. 

42. If by a leak of a ship f enough water run in, in 4 
hours, to sink her, how long can she survive ? 

Ans. 6hr, 40m. 

43. If I pay $25 for the masonry of 4000 bricks, ho>^ 
much ought I to pay for the work which requires 100006 
bricks? ^71^. $625. 

44. If a steam-ship require 14 days to sail a distance 
of 3000 miles, what time, at the same rate of sailing;, 
would she require to sail 24900 miles 1 

Ans. 116 days 4 J hours. 

45. Admitting the diameter of the earth to be 8000 
miles, and the highest mountain to be 5 miles, what ele- 
vation must be made on the globe of 16 inches diametef 
to represent accurately the height of such mountain ? 

Ans. Toir 0^ an inch. 

46. If $100 in 12 months bring an interest of $7, how 
much will be the interest of $100 for 8 months ? 

Ans. $4-66|. 
47 If the interest of $100 for 12 months is $7, what 
will be the' merest of $75 for the same time? 

Ans, $5*251 

Digitized by Google 



RULE OF THRGB 213 

48. If in 12 months the interest of $100 is $7, how. 
long must $100 be on interest to gain $10 ? 

Ans. 17+ months. 

49. If a glacier of 60 miles in length move 50 inches 
per annum, in what time will it move its whole length % 

Ans. 76032 years. 
. 50. If a staflf of 10 feet in length give a shadow of 15 
feet, how high is that tree whose shadow measures 90 
feet ? Ans. 60 feet. 

51. Suppose sound to move 1100 feet in a second; 
feow many miles distant is a cloud, in which lightning i» 
observed 16 seconds before the thunder is heaid, no allow- 
ance being made for the motion of light ? Ans. 3-J^ miles. 

52. If it require 30 yards of carpeting which is f of a 
yard wide to cover a floor, how many yards of carpeting 
which is 1-J- yards wide will be necessary to cover tho 
same floor? Ans. 18 yanis. 

53. If the earth move through 12 signs, or 360° in 365^- 
days, how far will she move in a lunar month of 29+ days? 

Ans. 29-^ degrees 

54. Suppose a steamboat capable of making 15 miles 
«ach hour, to move with a current whose velocity is 2+ 
2niles per hour, what will be the whole distance made 
during 13+ hours ? And what distance will the boat 
move in the same time against the same current ? 

A $ With the current, 236J miles. 
' ^^'^ Against the « 168t « 

55. If the magnetic influence move through the tele- 
gpraphio wires at the rate of 200000 miles in one second of 
time, how many times could it pass aroimd the world in 
one second, allowing the circumference of the earth to be 
24899 miles ? Ans. 8 afgf » times 
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56. If A can do a piece of work in 7 days, and B can 
do it in 8 days, what part of it can both do in 3^ days ? 

Ans. ^ of it. 

57. A reservoir, whose capacity is 1000 hogsheads, ha« 
a supply pipe by means of which it receives 300 gallons 
each hour ; it also has two discharging pipes, the first of 
which discharges f of a gallon each minute, the second 
discharges IJ- gallons per minute. The reservoir being 
empty, in what time will it be filled if th« supply pipe 
alone is opened? In what time, if the supply pipe and 
the first discharging pipe are opened ? In what time, if 
the supply pipe and the second discharging pipe ? And 
in what time, if all three are opened 1 

'Supply pipe only opened, 210 hours = 8 J days. 
. " "and 1st dis. pipe, 252 " =10i « 
^^'< « u u 2d, « " 280 « ,= 11-1 « 
« " 1st and 2d « « 360 « =15 « 



COMPOUND PROPOBTION. 

110. When the quantity required depends upon mon 
than three terms, the operation of finding it is called the 
Rule of Compound Proportion. 

Suppose we have the following example : 

If 6 men can mow 30 acres of grass in 5 days, by work- 
ing 8 hours each day, how many acres can 4 men mow 
in 9 days of 10 hours each? 

Had the number of days, as well as hours in each day, 
been the same in both cases, the qusstion would have been 
equivalent to the following : 
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If 6 men mow 30 acres of grass, how many acres wiD 
4 men mow ? 

It is evident the number of acres sought would be the 
same fractional part of 30 acres that 4 men is of 6 men ; 
that is, the quantity required is 

f of 30 acres. 

If, now, we take into account the number of days, still 
supposing the number of hours in each day to remain the 
same in both cases, our question would become : 

If f of 30 acres can be mowed in 5 days, how much ccm 
be mowed in 9 days ? 

The answer in this case is obviously 
f of f of 30 acres. 

Now, taking into account the number of horns ill each 
day, our question will become as follows : 

If -f of f of 30 acres can be mowed in a certain time, 
when 8 hours are reckoned to each day, how much could 
be mowed when 10 hours are reckoned to each day? 

This leads to the following final result : 
•If off of -t- of 30 acres. 

By cancelling, we reduce this last expression to 45 acres. 
From the above work we see that questions of Compound 
Proportion may be solved by the following 

RULE. 

Among the quantities given, there will be hut one like the 
answer J which one we will call the odd quantity. The other 
quantities will appear in pairs or couplets. Form ratios out 
ofectch couplet in the same manner as in the Rule of Three 
then multiply all the ratios and the odd quantity together 
and this will give the answer in the same denomination as 
the odd quanttty. 
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Note.— Before forming ratios fjpom the couplets, they mxOt be 
leduced to the same denominate value. 



EXAMFLE& 

1. If a person travel 300 miles in 17 days, traveling 
only 6 hours each day, how many miles could he have 
gone in 15 aays, by traveling 10 hoxirs each day? 

In this example, the answer is required in miles, there- 
fore our odd term is 300 miles ? 

The first couplet consists of days ; and since in 15 days, 
other things being the same, he could not travel as far as 
in 17 days, we must divide 15 by 17, which gives || for 
the first ratio. 

The second couplet consists of hours ; and since in 10 
hours he could travel farther than in 6 hours, we must 
divide 10 by 6, which gives -^ for the second ratio. 

Multiplying these two ratios and the odd term together, 
we get 300 miles X-H-X-V^. Cancelling the 6 of the de- 
nominator against 6, a factor of 300 ( ='H^) of the numer- 
ator, we have 50 x-H-X-S^=441'ft' miles, for the answer. 

2. If a marble slab 1 feet long, 3 feet wide, and 3 
inches thick, weigh 400 poimds, what will be the weight J 
of another slab, of the same marble, whose length is 8 
feet, width 4 feet, and thickness 5 inches ? 

In this example, the answer is required to be given in 
pounds ; therefore 400 pounds is the odd term. The fiist 
couplet consists of the lengths ; and since 8 feet in length 
will give less weight than 10 feet, we must divide 8 by 
1 0, which gives -ft^ for the first ratio. 

The second couplet consists of the widths ; and since 4 
feet wide will give more weight than 3 feet, we must di- 
vide 4 by 3, which gives ^ for the second ratio. 
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' fbe third couplet consists of thicknesses ; and since 5 
inches thick will give more weight than 3 inches, w^musi 
Jivide 5 by 3, which gives f for the third ratio. 

Mii.tipljring the odd term and these ratios together, we 
jpct 400lbs. X -ft X t X -f. Cancelling the 1 of the denom- 
mator against a part of the 400 of the odd term numerator, 
we get 40lbs. xf X-|xi=-**^^=71H pounds, for the an- 



3. 500 men, working 12 hours each day, have been em- 
ployed 57 days to dig a canal of 1800 yards long 7 yards 
wide, and 3 yards deep ; how many days must 860 men. 
working 10 hours each day be emlpoyed in digging an- 
other canal of 2900 yards long, 12 yards wide, and 5 jrarda 
deep, in a soil which is 3 times as difficult to excavate as 
the first ? 

In this example, the odd term is 57 days. 
• The different ratios will be as follows : 
ff4=f|- ratio of the men. 
"l-f = -g- ratio of the hours. 
fffJ=-H ratio of lengths of the canals. 
V= ratio of widths of the canals. 
■f = ratio of depths of the canals. 
"f-== ratio of the difficulty in excavation. 
Multiplying successively these ratios and the odd term, 
vehave 

57 daysx-Hxf Xff xVxixf 
This becomes, after cancelling factors, 

19 daysxAxf X-S^Xf X^X+=:549^day». 

4. 15 men, working 10 hours each day, have emplojred 
18 days to build 450 yards of stone fence ; how many 
men, working 12 hours each day, for 8 days, will be requi- 
site to build 480 yards of similar fence ? Aiis. 30* men. 

5. If it require 1200 yards of cloth -J wide to clothe 500 
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men, how many yards which is -f wide will it take to clothfl 
960 men ? Arts. 329 If yards. 

6. *If 8 men will mow 36 acres of grass in 9 days, by 
working 9 hours each day, how many men will ht re- 
quired to mow 48 acres in 12 days, by working 12 hoias 
each day 1 Ans, 6 mea 

7. If 1 1 men can cut 49 cords of wood m 7 days, whan 
ttiey work 14 hours per day, how many men will it take 
to cut 140 cords in 28 days, by working 10 hours eacb 
day? Ans, 11 men. 

8. If 12 ounces of wool make 2^ yards of'cloth, thai 
is 6 quarters wide, how many pounds of wool will it tak€ 
for 150 yards of cloth, 4 quarters wide? Ans. 30 pounds 

9. If the wages of 6 men for 14 days be 84 dollars, 
what will be the wages of 9 men for 16 days? 

Ans. $144. 

10. If 100 men in 40 days of 10 hours each, build a* 
wall 30 feet long, 8 feet high, and 2 feet thick, how many 
men must be employed to build a wall 40 feet in length, 
6 feet high, and 4 feet thick, in 20 days, by working 8 
hours each day ? Ans. 500 men. 

1 1. In how many days, working 9 hours a day, will 24 
men dig a trench 420 yards long, 5 yards wide, and 3 yards 
deep, if 248 men, working 1 1 hours a day, in 5 days, dig a 
txench 230 yards long, 3 yards wide, and 2 yards deep? 

Ans. 288iftfrdays. 

12. Suppose that 50 men, by working 5 hours each day 
can dig, in 54 days, 24 cellars, which are each 86 feet 
long, 21 feet wide, and 10 feet deep, how many men wculd 
be required to dig, in 27 days, 18 cellars, which are each 
48 feet long, 28 feet wide, and 9 feet deep, provided they 
work only 3 hours each day ? Ans, 200 men. 
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PRACTICE. 

' 111* Practice is a short method of fmding the answei 
lo such questions in the Rule of Three as have a unit for 
their first t#nn. So named, because in the ordinary prac- 
tical businass of life very frequent use is made of it. 

' As an example, suppose one bushel of apples to be 
vorth 50 cents, what is the value of 18^ bushels ? 

Had the apples been worth $1 per bushel, it is plain 
that 18^ bushels would have been worth 818^, that is, 
$18-5d. Now since 50 cents is just half of one dollar 
they must have been worth half of 818-50=89-25. 

In order to work by this rule, we must make use cf 
aliquot parts. An aliquot part of any thing is an exact 
part. In the above example, 50 cents is an aliquot part of 
tl, since it is exactly half of $1. We will give some 
aliquot parts which are in frequent use, in the following 

TABLE OF ALIQUOT PARTS. 



ets. • 


mo. 


yr. 


£ 


d. - 


9, 


50 = 1 


6 


= i 


10 =i 


6 


= 4 


334= i 


4 


= 1 


6 6d. =4 


4 


_ 1 

— 7 


25 =i 


3 


= i 


6 =4 


3 


= 4 


20 = i 


9 


= i 


4 =i 


2 


= 4 


16|=i 


1 


= A 


3 4</.=4 


H 


= 4 


124= i 


I5da 


. = iof Imo. 


2 6d. =4 


14 


-4 


10 = A 


10 


= i " 


2 =tV 


14 


= A 


8i=A 


e 


= 4 « 


1 8^.=-,!, 


1 


= A i- 


«}-A 


6 


= 4 " 


1 «.=t'. 


2/ar. 


= loft. 


5=A 


3 


= tV " 


1 =A 


1 


= 4 « 



What is Fraetlce 1 What ii an allqnot part of any thing 1 RapAat all th« aliqvot 
put* Af a doUai ai givtn in the above table. Repeat in the tame way all the otlM 
•U^Dot parte of the table. 
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EXAMPLES. 

1. What will 435 yards of cloth cost, at $0'76 per yard I 
435 yards, at $1 per yard=$435. 

435 yards, at 50 cents per yard=i of $496=217-5ft' 
435 yards, at 25 cents per yard=i of $435=108-75. 
435 yards, at 75 cents per yard=: $326-25. 

2. What cost 13^ pounds of tea, at 5s. 6d. per pound f 

IBlh. at 5*. =65*. =£3 5*. 



Idlb, at 6d. oris, = 


6 ed. 


ilb. at,5*. = 


2 6 


ilb. at 6d. = 


3 




£3 14*. Bd. 



3. What cost 37-J- dozen of eggs, at 1*. id. per dozen? 

d7doz.Q.i U. per doz.=zd7s.:=:£l 17 s. 

37doz. at U. oris. =12+ = 12 4 J. 
^doz. bX Is. = 6 

idoz.&tid, = 2 

^iw. £2 10*. 

4. If I receive 7 dollars for the use of 100 dollars ki 
one year, how much ought I to receive for the use of 100 
dollars for 7 months, 18 days? 

1 year or 12 months gives $7 

b months equals -J- of a year, gives $3*50 
1 month equals i of 6 months, 58i 

15 days equals -J of 1 month, 29+ 

3 days equals + of 15 days, 5f 

Ans. $4l3i 

5. What cost 7i cords of wood, at $2*75 per coid? 

Ans. $20-625. 
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6l What is the value of 28^ pounds of butter, at II 
caitB per pound? Ans. $31625. 

7. What is the value of 500)^ yards of tape, at 2\ cents 
per jard? Ans. $11-26125. 

& What must I give for 13f bushels <^ oats, at 2s, 4WL 
pv bushel? Ans. £\ \2s. Id 

9l What cost 18f pounds of ham at 8 cents per pound ? 

Ans, $1-50. 

10. What cost 15^ gallons of dl, at $0*75 cents pa 
galkQ? Ans. $11-8125. 

11. What cost 4000 quills, at $2-25 per 1000 ? 

Ans. $9. 

12. What cost 27f jaids of carpeting at 6^. 6J. per 
jaid? Ans. £^ ^s, i\d. 

13. What is the value of 25 bushels of potatoes, at 
$0-31i per bushel ? Ans. $7-8125. 

14. What is the value of 54 speUing-books, at 12^ cents 
per copy? Ans. $6*75. 

15. What is the value of 47^^ reams of paper, at $3-25 
per ream? Ans, $154375. 

16. What is the value of 30^ gross of almanacs, at 
$2-25 per gross ? Ans. $68,625. 

17. What cost 16f gallons of vinegar, at 1^. 4dL per 
gallon? Ans. \£2s.Ad. 

18. Wnat is the value of b\ bushels of walnuts, at 8jl 
6^ p» bushel? Ans. je2 5^. Ad. 

19. What cost 3i gross of matches, at $1-125 pa 
gross? Ans. $3-9375. 

20. What cost 325 bushels of apples, at 37i cents per 
bushel? Ans. $121-875. 

21. What cost 16it jaids of cloth, at $3f per yard? 

Ans^ $61-87& 
19* 
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22. If the interest on a certain sum of money is $7*35 in 
one year, how much will it be for 5^ months 1 

Ans. $3-361. 

23. If the interest of $100 for one year is $6, how much 
u it for 10 months and 10 days? Ans, $5-161, 

24. If a steam locomotive pass 18 miles in one hour, how 
far will it move in 501 minutes ? Aria. 15]^ mUes^ 

25. If the interest of $100 for 12 montns is $7, how 
much is it for 41 months % Ans. 12-521. 

26. What must I pay for l^- cords of wood, 128 feet in 
a cord, at 61 eents per foot % Ans, 910.00 



PERCENTAGE. 



112« The term per cent, is an abbreviation of per 
centum, which means by the hundred. 

Thus, 5 out of 100 is 5 per cent. 

6 out of 100 is 6 per cent. 

7 out of 100 is 7 per cent. 
And so for other rates per cent. 

Different rates per cent, are most conveniently expressed 
by means of decimals. 

Thus, 1 per cent, is the same as 001. 
2 « « 0-02. 



ft 


u 


ft 


u 


ft 


ft 



3 « « 003. 

4 « « 0-04. 

5 « « 0-06. 
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In many cases the rate per cent, is very concisely ex- 
piessed by means of a vulgar fraction, as follows : 

1 per cent.=-rhr- 10 per cent. =:tW=tV' 

* =TFff="ST* "5 =1^7 =i"' 

5 « =T8Tr=TjV. 50 « =TWr=i. 

Suppose we wish 5 per cent, of $1122, we must take 
j-Jy of it; this is done by multiplying by the decimal 
0K)5. 

OPERATION. 

$1122. 
005 . 
Ans, $5610. 
Hence, to find the percentage of any number, we have 
this 

RULE. 

Multiply the given number hy the percentage expressed in 
decimals^ and the product will give the percentage sought. 

From what iaptr cent, abbreviated 1 And what does it mean 1 5 oat of 100 ii 
what per eent. 7 Goat of 100 is what per cent.1 7 out of 100 is what per cent f 
What k the decimal expression for 1 per cent. 7 What for 2, 3, 4, &o., per cent t 
Beptat the Rale for findinf the per eent. of a number 

EXAMPLES. 

1. What is ^ per cent, of $10000 ? 

4 per cent, is 04. 
i per cent, is 0005. 
4)- per cent, is 0-045. 
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OPERATION. 
810000 

0-045 



50000 
40000 

Ans. $ 450000 

2. What is 1 per cent, of $730 ? Ans. $7-3a 

3. What is 3 per cent, of 5789 pounds ? 

Ans. 173-67/*. 

4. What is 4 per cent, of 365 bushels? Ans. UQbu. 

5. What is 4^ per cent, of 87503 ? Ans. 83-37635. 

6. What is 7 per cent, of 2345? ^ Ans. 16415. 

7. What is 30 per cent, of $495 ? 'Ans. 8148'50. 

8. A person laid out $222 as follows : he gave 21 pel 
cent, of his money for calicoes; 15 per cent, for thread; 
45 per cent, for silks ; and the remaining 19 per cent, for 
broadcloths. How many dollars did he expend for each? 

" He gave for calicoes, 846*62. 
" thread, 33-30. 

" silks, 99-90. 

" broadcloths, 42-18. 

9. A merchant having 500 barrels of flour, sold at one 
time 25 per cent, of it, at another time he sold 20 per cent, 
of the remainder. How many barrels did he sell at each 
time, and how many remain ? 

fThe first time he sold 125 barrels. 

Ans.< The second time he sold 75 barrels. 

L He Has remaining . . 300 barrels. 

10. A farmer raising 1097 bushels of wheat, gives 10 
per cent, of it for thrashing, 10 per cent, of the remainder 
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I for flouring. What per cent, of the whole will he have 
r left? Ans. 81 per cent. 

11. A California miner having secured 15^ pounds of 
gold dust, finds it to lose 5 per cent, in refining ; he then 
gives 6 per cent, for coining. How much ought he to 

eceive after it is coined ? 

Ans. 13-8415 pounds=13Z6. lOoz. \pwt. ^B-^gr. 

12. Suppose at each stroke of the piston of an air pump 
10 per cent, of the air in the receiver is exhausted, what 
per cent, of the air will remain after the 1st, 2d, 3d, and 
4th strokes, respectively ? 

After the 1st stroke 90 per cent. 
« u, 2d " 81 " " 



Ans. 



a u 



3d « 72t^ " " 
4th « GStWt" '' 



SIMPLE INTEREST. 



113* Interest is money paid by the borrower to the 
Iwider, for the use of the money borrowed. 

It is estimated at a certain raXe per cent, per annum, that 
is, a certain number of dollars for the use of $100, for one 
year. 

Thus, when $6 is paid for the use of $100, for one year 
the interest is said to be at 6 per cent. 

In the same manner when $5 is paid for the use of 
$100, for one year; the interest is said to be at 5 per cent. ; 
and the- same for other rates. 

The rate per cent, is generally fixed by law. In the 
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New England States the legal rate is 6 per cent,^ while in 
the State of New York it is 7 per cent. 

The sum of money borrowed, or upon which the inter- 
est is computed, is called the principal 

The principal, with the interest added to it, is called the 
mnount. 

What U laterett 1 How is it estimated 1 What is the rate per eent when #6 k 
paid for the use of $100 for one year? What is the rate pet cent whra fS is in the 
■amawaypaidl Is the rate per cent, generally fixed hy law 1 What is the legal rati 
per eent in the New England States 1 What is it in the State of New York 1 Wbst 
Is the principal 1 What is the amount 1 

CASE L 

To find the interest on any given principal, for any 
whole number of years, at any given rate per cent. 
Suppose we wish the interest of $365-50 for 3 years, at 

7 per cent. 

By the definition of interest money, it follows that the 
interest of $36550 for one year, at 7 per cent., is 7 per 
cent, of $365*50 ; which by rule imder Art. 113, we 
obtain, by multiplying $365 -50 by 007. Performing* the 
multiplication, we have $365*50 x007=$25-585 for one 
year's interest, which, multiplied by 3, the number of 
years, will give us $76*755 fer the interest of $365-50 for 

8 years ht 7 per cent. 

Hence tlie following 

RULE. 

Multiply the principal hy the rcUe per cent,j expressed mi 
dedmalsj and that product by the number of years ; observing 
the usual rule for pointing off the decimal figures. 
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EXAMPLES. 

.. IVhat is the interest of $573*15 for 5 years at 6 \yei 
cw\tt 

OPERATION. 

$573-15=the principal 
006 =rate per cent. 
$34-3890 rsone year's interest 
5= number of years. 
Ans, $17l'945=five years' interest. 

2. What is the interest of $600 for 4 years at 5 pel 
cent? ^iw. $120. 

3. What is the interest of $725 for 8 years at 4^ per 
cent.? Ans,$26L 

4. What is the interest of $149 for 5 years at 2 per 
cent? Ans. $14 90. 

5. What is the interest of $22525 for 10 years at 4 
percent? Ans. $9010. 

6. What is the interest of $31130 for 11 years at 10 
per cent ? Ans. $342*43. 

7. What is the interest of $501-50 for 2 years at 3 
per cent ? Ans. $35- 105. 

CASE n. 

To find the interest on any given principal, for any 
given time, at any given rate per cent. 

Suppose we wish the interest of $126 for 3 years S 
months and 15 days, $it 7 per cent. 
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OPERATION. 

$126 

007 

' 88-82 = 1 year's interest. 

3 

$26-46 = 3 years' ^ 

4 mos. ="J of a yr. 2-94 =4 months' " 

Imo. =riof4mos.735 = 1 " « 

15 dys. =i of 1 m o. 3675 = 1 5 days' ^ 

Ans. $30-5025=3 yrs..5 mos. and 16 days' iA 
Hence the following 

RULE. 

Multiply the principal hy the rate per cent, expressed tn 
decimals ; the product will give one year's interest^ tohich^ miJ- 
tiplied hy the number of year s^ will give the interest for tki 
tvne expressed in years. Then find the interest for ike 
months and days hy means of aliquot parts, as in Practice. 

EXAMPLES. 

1. What is the interest of $39-42 for 1 year, 5 monthly 
ind 1 1 days, at 7 per cent. ? 

OPERATION. 

$39-42 
007 







2-7594= 


i year's mteieft 


4 months 


= i 


of a year 


920 = 


4 months' " 


1 month 


= i 


of 4 months 


230 = 


1 month's « 


10 days 


= i 


of 1 month 


77 = 


10 days' *^ 


Iday 


=iV 


of 10 days 


8 = 


1 day's « 



$3-994 Ans 
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Note.— We have not extended our work to more th&n thre« 
places of decimals, but have added 1 to the third place whenever 
the fourth decimal figure would be 5 or greater. 

2. What is the interest of 847-13 for 7 months and 21 
i&ySj at 7 per cent. ? Ans. 2-118. 

3. What is the interest of $321-21 for 3 months and 
i5 days, at 6 per cent. ? ^w^. $5-621. 

4. What is the interest of $270 for 2 months and 8 
days, at 7 per pent. ? Ans. $3-57. 

5. What is the interest cf $404-44 for x year, 5 montha 
and 4 days, at 7 per cent. ? Ans. $40*422. 

6. What is the interest of $99-99 for 1 1 months and 
29 days, at 5 per cent. ? Ans. $4986. 

7. What is the interest of $3750 for 6 months and 10 
days, at 6i per cent. ? Ans. $1-287. 

8. What is the interest of $49-49 for 8 months and 8 
days, at 7 per cent. ? Ans. $2-386. 

CASE m. 

To find the interest on any given principal for any 
given time at 6 per cent. ? 

The interest on $100 for one year, at 6 per cent., being 
$6, it follows that the interest on $1, for one year, is 
$006 ; and since 2 months is ■^=i of a year, the inter- 
est on $1, for two months, is $0 1 ; again, since 6 days 
u» A="Ar of 2 months, when we reckon 30 days to each 
month, it follows that the interest on $1, for 6 days, is 
$0001. Hence, if we call half the number ofmenths, cents, 
•nd &ne-sixth the number of days^ mills, we shall obtain the 
interest of$l for the given time, at 6 per cent. 

The interest of $1 being multiplied by the number of 
dollars in the given principal, will obviously give the in 
20 
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terest sought. As an example, suppose we wish the 
interest of $125 for 1 year, 5 months and 18 days, at 6 
per cent 

$0085=int. of $1 for 1 y. 5 m.=l7 months. 
3= « « « 18 days 

$0088=int. of $1 for I y. 5 m. and 18 days. 

If now we multiply $0*088 by 125^ the number of dol- 
lars in the principal ; or, which is the same thing, if we 
multiply $125 by 0088, we shall find $125 x0088=$ll, 
for the interest sought. 

Hence we have this 

RULE. 

/, Call half the number of months , cents ; one-sixth the 
number of day s^ mills; and the result will he the interest of 
%\ for the given time. 

II. Multiply the interest of^^, thus found, by the number 
of dollars in the given principal^ and the product being 
pointed off by the rule for decimals, will give the interest re- 
quired, 

EXAMPLES. • 

1. Wliat is the interest of $4937, for 13 months and 16 
days, at 6 per cent. ? 

In this example, we find the interest on $1, for 13 months 
and 15 iays, at 6 per cent, to be $00675, which, multi- 
plied by 49-37, the number of dollars in the principal, givea 
$3-332475, for the interest on $49-37, for the given time. 

2. What is the mterest of $608-62, for 1 year and 9 
months, at 6 per cent. ? Ans. $63-9051. 

3. What is the interest* of $341-13, for 7 years and 9 
days, at 6 per cent 7 Ans. $143-786295. 
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4. What is the interest of $100, for 16 years and 8 
moQths, at 6 per cent. ? Ans. $100. 

5. What is the interest of $591-03, for 4 years, 3 monthi 
and 7 days, at 6 aer cent 1 Ans. $151-40«185. 

6. What is the interest of $0-134, for 4 months and 3 
days, at 6 per cent. ? Ans. $0002747. 

7. What is the interest of $7*50, for 7 months, at 6 per 
cent.? An^. $0-2625. 

8. What is the interest of $371-01, for 4 years and 15 
days, at 6 per cent. ? ^is. $89-969925. 

9. What is the interest of $57-92, for 3 years, 7 months 
And 9 days, at 6 per cent. ? Ans. $1253968. 

10. What is the interest of $329, for 5 years and 13 
days, at 6 per cent. ? Ans. $99-412f. 

11. What is the interest of $47-39, for 1 year and 7 
months, at 6 per cent. ? Ans. $4-50205. 

CASE iv^ 

To find the interest on any given principal, for any given 
time, at any given rate per cent. 

Interest at 6 per cent, increased by -J- of itself will ob- 
▼iously give the interest at 7 per cent. The interest at 6 
per cent, increased by i of itself will give the interest at 
8 pel cent. If we diminish the interest at 6 per cent, by 
^ of itself, we shall obtain the interest at 5 per cent. And 
in all cases, by increasmg or decreasing the interest at 6 
per cent., in the proper ratio, we may obtain the interest 
at any other desired rate. 

As an example, suppose we wish the interest of $300 
for 1 year, 3 months, and 12 days, at 4-J- per cent. 

By Case III, we readily find the interest of $300 for 1 
year. 3 months and 12 days, at 6 per cent., to be $23- 10 
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But the interest is required at 4J- per cent instecwl of at 
6 per cent. If ^ of 6 be taken from 6, the remainder wift 
be 4i ; hence, if i of $23*10, the interest at 6 per cent., be 
taken from $23- 10, the remainder will be the interest -al 
4i per cent. Performing this operation, we have $23*10 
— }• of $23-10r=$I7.325 for the interest of $300 for 1 
year, 3 months and 12 days, at H per cent. 

Hence, we have this 

RULE. 

Find the interest on the given principal, for the given time^ 
ut 6 per cent. J by Case III. Then increase, or decrease^ this 
interest by the same part of itself, as it would be necessary 
to increase, or decrease 6 per cent., in order to make it agree 
with the given rate per cent, 

EXAMPLES. 

1. What is the interest of $19-41, for 1 year, 7 montha 
and 13 days, at 7 per cent. ? 

In this example, we find by Case III. that the interest 
of $19-41, for 1 year, 7 months and 13 days, at 6 per ce^, 
is $1*886005. Since 6, increased by its sixth part, equals 
7, it will be necessary to increase the interest just found 
for 6 per cent, by its sixth part, which becomes $2'200S39fv 
for the interest at 7 per cent • 

2. What is the interest of $530, for 3 years and 6 
months, at 6 per cent ? Arts. $92-75. 

In this example, it was necessary to decrease the hlte^ 
est of 6 per cent, by its sixth part. 

3. What is the interest of $5-37, for 4 years and 12 
days, at 8 per cent. ? Ans. $1-73272. 

In this example, we increase the interest at 6 per oeat. 
oy its third part. 
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4. What is the interest of $4070, for 3 months, at 9 
per cent. ? Ans. $9 1 -575. 

5. What is the interest of $3671, for 6 months, at 10 
per cent. ? Ans. $ 1 83 -55, 

6. What is the interest of $492005, for 3 months, at 4 
per cent ? Ans. $49-2005. 

7. What is the interest of $40-17, for 3 months and 18 
dajs, at 3 per cent. ? Ans. $036153. 

8. What is the interest of $37-13, for 5 months and 12 
days, at 4^ per cent. 1 jItw. $0-7518825. 

9. What is the interest of $489, for 3 years and 4 
months, at 5i per cent. ? Ans. $89 65. 

10. What is the interest of $700, for 1 year and 9 
months, at 7 per cent. 7 Ans. $85-75. 

Note. — ^When the principal is given in English money, we must 
v^nce the shillings, pence and farthings, to the decimal of a jET ; 
and then proceed as in Federal money. 

1 1. What is the interest of i;75 13^. 6(f., for 3 years and 

5 months, at 6 per cent. ? 

In this example, 13^. 6(f., reduced to the decimal of a 
£, is 0-675, so that our principal is i^75-675 ; the interest 
on jCl, for 3 years and 5 months, at 6 per cent., is j£r0-205, 
which, multiplied by 75-675, gives jEri5-513375=i;i5 10*. 
^iVW? for the interest reqmredi (See Art. 99. ) 

12. What is the interest of dCU 5*. 3-J^cf., for 4 years 6 
Bionths and 14 days, at 7 per cent. ? 

Ans. £4: lOs. 7-^d. nearly. 

13. What is the interest of jCI 7*. 6d., for 2 years and 

6 months, at 4i per cent. ? Ans. £0 3s. l+J. 

14. What is the interest of i;i05 10*. 6d., for 9^ 
months, at 5 per cent. » Ans. £i 3s. 6d. 1-95/ar. 

20* r- T 
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INTEREOT WHEN THE TIME 18 ESTIMATED IN DAYS. 

114:* Thus far, we have considered the time, for which 
interest is to be computed, as estimated in months atul 
days, counting a month as -ftr ©^ a year, and 1 day as -^ 
of a month, or 7^-^ of a year. 

Now, as some months have 31 days, and others lessi 
than 31, we, by the previous methods, obtain sometimes 
too much interest, and sometimes too little, but the error 
must always be small. 

We will, xmder this Article, explain the more accurate 
method by means of days, which is sometimes called the 
Commercial Metliod. 

Suppose we wish the interest of $500 from May 15th 
to November 20th, at 7 per cent. 

By Case L, Art. 113, we find $500x0 07=:$35 for 
one yearns interest of $500, at 7 per cent. By Table 
under Art. 76, we find 189 days from May 15th to 
November 20th. 

It is obvious that the interest for 189 days must be the 
same fractional part of one year's interest, that 189 days 
is of 365 days. Hence, $35x-tH=:''H^Ji^=*18-123+ 
for the interest of $500 from May 15th to November 20th, 
at 7 per cent 

Hence this 

RULE. 

Multiply the principal hy the rate per cent, expressed tn 
decimals ; the product will he one yeat^s interest ; which mad' 
tiply hy the time expressed in days, and divide this last pro* 
duet hy 365, and the quotient will he the interest sau^. 
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I. A note of $37-37 was given May 3, 1848 ; how much 
was due on it Dec. 27, 1848, at 7 per cent. ? 

By the table under Art. 76, we find 238 deys from 
May a to Dec. 27. 

OPERATION. 

$37-37=: principal. 
007=rate per cent. 
$2-6159=one year's interest. 
238= time in days. 

209272 
78477 
52318 



365)622-5842 (1 -705 =interest sought in dollaw 
365 37-37 =principal. 
2575 $39-075=amount. Ans, 
2555 

2084 

1825 

259 

2. A note of $365 was given July 4, 1847 ; what will H 
amount to, June 1, 1849, interest being 7 per cent. ? 

^n^. 8413.79. 

3. What is the interest mi $100 from January 13th ta 
November 15, it being Leap-year, and interest being 6 
per cent. 7 Ans. 05047. 

4 What is the interest on f 216 from March 10th to 
Dwember 1st, interest being 5 per cent. ? Ans, $7*871. 

5. What is the interest on $107 from April 12th to 
July 4th, interest being 7 per cent. ? Ans. $1-703. 
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6. What is the interest on $1000 from June 20th U 
August 13th, interest being 7 per cent 1 Ans, $10-356. 

7. What is the interest on $730 from July 4th to 
December 25th, interest being 6 per cent.? Ans. $2088. 

8. W^hat is the interest on $63*37 from August 9th tc 
December 31st, interest being 7 per cent. ? Ans. $1*75. 



PARTIAL PAYMENTS. 



US* When notes, bonds, or obligations receive par- 
tial payments, or indorsements,* the rule adopted by the 
Supreme Court of the United States is as follows ; 

RULE. 

'* The rule for casting interest^ when partial payments 
have been made^ is to apply the payment^ in the first place^ to 
the discharge of the interest then due. If the payment ex- 
ceed the interest, the surplus goes towards discharging the 
principal^ and the subsequent interest is to be computed on 
the balance of principal remaining due. If the payment be 
less than the interest, the surplus of interest must not be 
taken to augment the principal ; but interest continues on the 
former principal until the period when the payments taken 
together exceed the interest due, and then the surplus is te 
be applied towards discharging the principal ; and interest 
is to be computed on the balance^ as aforesaid.^^ 

The above rule has been adopted by New York, Massa- 

^ From a Latin phrase, in dor»o^ meaninf *<apoB the bAek;** becaoe the par 
laeats are written acron the baek of the not*. 
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tht$HUj and by nearly all the other states of the Unioa 
The following is the 

CONNECTICUT RULE. 

" Compute the interest on the principal to the time of the 
frst payment ; if that he one year or more from the time the 
interest commenced^ add it to the principal^ and deduct the 
payment from the sum total. If there he after payments 
made, compute the interest on the balance due to the next 
payment, and then deduct the payment as above; and 
in like manner, from one payment to another, till all the 
^payments are absorbed ; provided the time between one pay^ 
tnent and another be one year or more. But if any pay' 
ments be made before one yearns interest hath accrued, then 
comptUe the interest on the principal sum due on the ohliga' 
turn, for one year, add it to the principal^ and compute the 
interest on the sum paid, from the time it was paid up to the 
end of the year ; add it to the sum paid, and deduct that 
sum from the principal and interest added as above. 

If any payments be made of a less sum than the interest 
arisen at the time of such payment, no interest is to he com' 
puted, hut only or. the principal sum for any period^ 

examples. 
$620. Utica, Nov. 1, 1837. 

1. For value received, I promise to pay Thomas Jones, 
or order, the smn of six hundred and twenty dollars, on 
demand, with interest. Charles Bank. 

The following indorsements were made on this note ; 

1838, Oct. 6, there was indorsed. . . $61 07. 

1839, March 4, " « « . . . . 8903. 

1839, Dec. U, « « « . . . . 107-77. 

1840, July 20, « « «... 200-50. 
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What was the balance due, Oct. 15, 1840, allowing 1 
per cent, interest, according to the U. S. rule 7 

The pupil will find it convenient to arrange the woik 
for finding the multipliers at 6 per cent as follows : 
f/ear. mo. da. 



Date of note t837 


10 1 


mo, da. i 


Tiultiplters ati 


1st indorsement 1838 


9 6 


11 5 


0055f. 


2d indorsement 1839 


2 4 


4 28 


0024i 


3d indorsement 1839 


11 11 


9 7 


0046i. 


4th indorsement 1840 


6 20 


7 9 


00365. 


Date of settlement 1840 


9 15 


2 25 


0014i. 






35 14 


0-177i. 



Having found the different intervals of time, we then 
find the multipliers at 6 per cent, by Case IIL Art. 113* 

As a check upon our work, we add all the different in- 
tervals of time together, and find it makes 35 months and 

14 days. We also add all the multipHers, and obtaic 
0-1 77i. 

Now, subtracting the time the note was given from the 
time of settlement, we* also obtain 35 months and 14 
days, which time gives 0*177+ for multiplier. 

It would be well in all cases where interest is to be cast 
on a note of many indorsements, to follow the above 
method of operation; since, by proceeding with systematic 
order, there is less chance for committing errors. 

If we wish to have the result true to a cent, we rauiit 
carry our work to three decimal places, or to mills. 

In the following operation we extend the work to three 
decimal places ; when the value beyond the third place 

15 one half or more, we add a unit to the decimal in the 
third place, but when that value is less than one half, w«» 
neglect it 
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Having found the multipliers^ we continue the work as 
follows 
The amount of note^ or principal, is . . . $620000 
Interest on the same, up to Oct. 6, 1838, is . 40-386 
Amount due on note, Oct. 6, 1838, is . . . 660-386 
The first indorsement is 61 070 

599-316 
Interest from Oct. 6, 1838, to March 4, 1839, is 17-247 

Amount due March 4, 1839, is 616-563 

The second indorsement is 89-030 

527-533 
Interest from March 4, 1839, to Dec. 11, 1839, is 28414 

555-947 
The third indorsement is ....... 107-770 

448-177 
Interest from Dec. 1 1, 1839, to July 20, 1840, is 19-085 

467-262 
The fourth indorsement is 200-500 

266-762 
Interest from July 20, 1840, to Oct. 15, 1840, is 4-409 

Ans. 271171 

$350. Utica, May 1, 1836. 

2. For value received, I promise to pay Isaac Clark, cr 
•rder, three hundred and fifty dollars, with interest, at 6 
per cent. N. Brown. 

Indorsements were made on this note as fellows : 
Dec. 25, 1836, there was paid .... $50. 

June 30, 1837, « " « 5. 

Aug. 22, 1838, « « « 15. 

June 4, 1839, « ' « 100. 
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Haw much was due April 5, 1840, if interest is com 
puted according to the U. S. rule 1 

year, mo, da. multipliers 

Date of note 1836 4 1 mo. da, at 6 per cent 

1st indorsement 1836 11 25 7 24 0039. 

2d indorsement 1837 5 30 yr. 6 5 0030f. 

3d indorsement 1838 7 22 1 1 22 0068i 

4ii indorsement 1839 5 4 9 12 0-047. 

Date of settlement 1840 3 5 10 1 O-OgOj. 

3 11 4 0-235f. 

The amount of the note, or principal, is . . $350000 
Inter-^st up to Dec. 25, 1836, is 13-650 

363-650 
The first indorsement is 50000 

313-650 

Interest up to Jime 4, 1839, is 45*950 

359-600 
Indorsement, June 30, 1837, which is > ^^ 

less than the inteeest then due, ) 
Indorsement, Aug. 22, 1838, ... 15 
This sum is still less than the interest 

now due, 

Indorsement, June 4, 1839, ... 100 

$120-000 

lliis sum exceeds the interest now due. 

239-60O 

Interest up to April 5, 1840, is 12-020 

Anount due April 6, 1840, .... Ans. $251-620 

How much would have been due, had we computed 
mterest according to the Connecticut Rule? 



I 20 
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Note. — We will, here, indicate the steps of the process ondei 
the CoDnecticut Rule. First, find the amount of the principal sotB 
for one year; that is, to May 1, 1837. Then find the amount ol 
the first payment to the same date. Deduct the latter amount from 
the former. Next, find the amount of the new principal thus ob> 
tainod for another year, that is, to May 1, 1838; then find the 
amount of the second payment to the same time, and deduct as 
before, and so on. Ans. ^252* 12. 

«l08^jJV. Utica, Dec 9, 1835. 

3. For value received, I promise to pay Peter Smith, oi 
order, one hundred and eight dollars and forty-three cents, 
on demand, with interest, at 7 per cent. 

John Saveall. 
Indorsements were made as follows : 

March 3, 1836, there was indorsed . «50-04. 
Dec. 10, 1836, « " « . . . 1319. 
May 1, 1838, " « «. . . . 5011. 
How much remained due, according to the U. S. rule, 
Oct. 9, 1840? Ans,95'SU. 

How much according to the Connecticut Rule 7 

Note. — ^Ailer several steps, there will be a new principal, Dec. 
9, 1838. The interest is to be computed upon this, not for one year, 
since there is no indorsement within the year, but up to the time c< 
settlement Ans. 95-80. 

$1431%- Utica, August 1, 1837. 

4. For value received, I promise to pay D. Budlong, oi 
bearer, one himdred and forty-three dollars and fifty cents, 



in demand, with interest. 


W. GOVLD 


Dec. 17, 1837, there was indorsed 
July 1, 1838, " « « . . 
Dec. 22, 1839, « « « . 
Sept. 9, 1840, « « « . . 
21 


. . $37.40. 

. . 7-09. 
. . 1313. 

. . 60-50. 
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How much remains due, according to each rule, Dec. 
28, 1840, the interest being 7 per cent. ? 

Ans, U. S. rule, $60,866. 

Note.— After a few steps we shall find a new principal, Atig. I, 
1838. We compute the interest on this up to Dec. 22, 1839, aa 
there is no payment within a year. From the amount deduct the 
payment made Dec. 22, 1839. We have, then, another new prin- 
cipal, the interest on which is to be computed for one year, that is, 
to Dec. 22, 1840, and added ; we find also the amount of the last 
payment to that date j deduct, and find amount of the balance, 
Dec. 28, 1840. Ans. Conn, rule, $60-72. 

5. A note of $486 is dated Sept. 7, 1831, on which, 

March 22, 1832, there was paid . . . $125. 
Nov. 29, 1832, " « « . . . . 150. 
May 13, 1833, " " « . . . . 120. 

What was the balance due, according to each rule, 
April 19, 1834, the interest being 7 per cent. 7 

^^^ ( U. S. rule $144-404. 
'^^ (Conn. « 143-55. 

116. The principal, the rate per cent., the time and 
the interest, are so related to each other, that any three of 
them being given, the remaining one can be found. 



PROBLEM L 

Given the principal, the rate per cent., and the time^ to 
find the interest. The rule for this problem has already 
been given imder Case III., Art. 113 ; it is equivalent te 
the following 
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RULE. 

Multiply the interest o/*$l, for the given time and giv$M 
me per cent, by the number of dollars in the principal 

PROBLEM n. * 

Given the time, the rate per cent., and the interest, to 

find the principal. It is obvious that the interest on a 

given sum is as many times greater than the interest on 

' 81, as the given sum is times greater than $1. Hence, 

we have the following 

RULE. 

Dttride the given interest by the interest of 91^ for the 
given time, and given rate per cent, 

EXAMPLES. 

1. The interest on a certain principal, for 9 months and 
10 days, at 4J per cent., is $101605. What was the 
principal ? 

In this example, we find the interest of $1, for 9 months 
and 10 days, at 45- per cent., to be $0 035; therefore, 
•101605, divided by $0 035, gives 2903, for the numbei 
of dollars in the principal required. 

2. What principal will, in 1 year, 7 months, and 15 
days, at 6 per cent., give $9'75 interest ? Ans, $100. 

3. What principal will, in 7 years and 9 days, at 6 pel 
cent., give $16*86 interest? Ans. $40. 

4. What principal will, in 3 years and 6 months, at 5 
Der cent., give $92-75 interest? Ans. $530, 
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5. Wnat principal will, in 3 months and 9 days, at 8 
per cent, give $90 interest? Atis, 84090"909 



PROBLEM m. 

Given tno principal, the time, and the interest, to find 
the rate per cent. 

If the rate per cent, be doubled, other things being toe 
same, the interest will be doubled ; if the rate per cent, is 
tripled, the interest will be tripled. And, in all cases, the 
interest at any particular rate per cent, is as many times 
greater than the interest at 1 per cent, as the given rata 
per cent, is times greater than 1 per cent. Hence, we 
have this 

RULE. 

Divide the given interest hy the interest of the given prm- 
eipaljfor the given timet at 1 per cent. 

EXAMPLES. 

1. The interest of $100, for 9 months and 10 days, is 
^3*50. What is the rate per cent 1 

In this example, we find the interest of $100, for 9 
months and 10 days, at 6 per cent., to be $4 66§-. The 
interest at 1 per cent, is $0-77-f ; therefore, dividing $3'60 
by $0-77-f, we obtain 4| for the rate per cent, required. 

2. At what rate per cent, will $530, in 3 years and 6 
months, give $92-75 interest ? Ans. 5 per cent 

3. At what rate per cent will $19*41, in 1 year, 7 
months, and 13 days, give $2-200339^ interest? 

# Ans. 7 per cent 
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4 At what rate per cent, will $5-37, in 4 years and 12 
dajs, give $173272 interest 7 Ans. 8 per cent. 

5. At what rate per cent, will $4070, in 3 months, give 
$9 1 -575 interest 7 Ans, 9 per cent, 

PROBLEM IV. 

Given the principal, the rate per cent, and the interest, 
to find the time. 

If the time for which interest is computed be doubled, 
other things being the same, the interest will be doubled ; 
if the time is tripled, the interest will be tripled. And in 
all cases, the interest for any particular time is as many 
times greater than the interest for one year, as the par- 
ticular time is greater than 1 year. Hence, we have this 

HULE. 

Divide the given interest by the interest of the given prtn- 
eipaljfor 1 year, at the given rate per cent, 

EXAMPLES. 

1. In what time will $3713, at 4^ per cent., give 
•0-7518825 interest? 

In this example, we find the interest of $37-13, for 1 
year, at 4 J per cent., to be $1-67085; therefore, dividing 
$0-7518825 by $1-67085, we get 0-45 years ; this reduced 
to months and days, gives 5 months and 12 days. 

2. In what time will $700, at 7 per cent., give $85*75 
interest 1 Ans. 1 year, 9 months. 

3. In what time will $100, at 6 per cent., give $100 
interest ? That is, in yhat time will a given principal 
doublp itself at 6 per cent, interest? Ans, 16| years. 
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4. In what time will a given principal double itself at 
7 per cent. ? Ans, 1 4^ years. 

5. In what time will a given principal double itself at 8 
per cent. % Ans. I2i years, 

6. In what time will a given principal double itself at 5 
per cent. ? Ans. 20 years. 

7. In what time will a given principal double itself at 
4^ per cent. 1 Ans. 22-J years. 

The following table gives the time required for a given 
principal to double itself at simple interest at various rates 
per cent. 
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DISCOUNT. 

IIT. Discount is an allowance made for the payment 
of money before it is due. 

The present worth of a debt payable at some future time, 
without interest, is such a sum of money as will, if put at 
Interest for the given time, amount to the debt. 

When the interest is at 6 per cent., the amount of 91, 
for one year, is $106* therefore, the present worth of 
$106, due one year hence, is $1. If the present worth 
of $1 06 is $1, it follows that the present value of $1 will 
De the same fractional part of $1, that $1 is of $1*06; 
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that is, the present value of $ 1 is trtr of • 1 , or nf ^ . And 
since the present worth of two dollars is twice as great as 
for one dollar, we have n*^ for the present worth of $2 
And in the same way we find ^?^ for the present worth 
of 63 ; ^faV for the present worth of $10. 

Had the time been 6 months instead of one year, then 
would ^*^ be the present worth of $1 ; T??r woiild b€ 
the present worth of $2 ; -f?^ would be the present worth 
(tf$10. 

If we reckon 7 per cent, interest, the present worth of 
$1 for one year would be t?ot? ^or 6 months it would be 
"FoVr i and so on for other sums and other rates of interest. 
Hence, we have the following 

RULE. 

Find the amount of $\, for the given time, at the given 
rate per cent.j then divide the sum whose present worth is re* 
quired, by this amount, and it will give the number of dollars 
in the present worth. Subtract the present worth from the 
given sum, and it will give the discount. 

Wbat if Discount 1 What if the present worth of a sum of money due at fome 
foton periodi What ff the prefent worth of 91*06, doe one year benee, at 6pe( cent, 
lottieftl Repeat the Rule for eom^xitin; dif count. 

EXAMPLES. 

1. What is the present worth of $62275, due 3 years 
and 6 months hence, at 5 per cent. ? 

In this example, we find the amount of $1, for 3 year* 
and 6 months, at 5 per cent., to be $1-175 ; therefore, di- 
Tiding $622-75 by $M75, we get 530, for the number of 
dollars in the present worth. If we subtract the present 
worth from the sura, we get $92-75 for the discount. 
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2. What is the present worth of 84161-575, due % 
months hence, at 9 per cent. 7 Ans. $4070. 

3. What is the present worth of $7.10272, due 4 yeara 
and 12 days hence, at 8 per cent.? Ans, $5'37. 

4. Sold goods for $ 1500, to be paid one half in 6 months, 
and the other half in 9 months. What is the present 
worth of the goods, interest being at 7 per cent. ? 

Ans, $1437-227. 

5. Sold goods for $1500, to be paid at the endof7i 
months. What is the present worth of the goods, interest 
being at 7 per cent.? Ans. $1437-126. 

6. What is the present worth of $50, payable at the 
end of 3 months, at 7 per cent. ? Ans, $49-14. 

7. What is the discount on $100, due 6 months hence, 
at 6 per cent. ? Ans. $2*913. 

8. What is the discount on $750, due 9 months hence, 
at 7 per cent? Ans, $37-411. 

9. What is the present worth of $3471-20, due 3 years 
and 9 months hence, at 4^ per cent.? Ans, $2970-01 1. 

10. What is the discount of $150, due 3 months and 18 
days hence, at 6 per cent. ? Ans, $2-652. 

11. What is the discount of $96M3, due 1 year and 5 
months hence, at 7 per cent. ? Ans. $86*713. 

12. What is the discount of $37-40, due at the end of 7 
months, at 6 per cent. ? Ans. $1-265. 

13. Bought a bill of goods for $1200, one third payable 
in 3 months, one third in 6 months, and the remaining 
one third in 9 months. How much ready cash ought to 
pay for the goods, if we consider money with 6 per cent, t 

Ans. $1165-21+. 
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COMPOUND INTEREST. 

118. WuEN, at the end of a year, or of any given 
time^ the interest due is added to the principal, and the 
amount thus obtained is considered as a new principal, 
upon which interest is to be cast for another given period, 
eo be added in like manner to form a second new prin- 
cipal, and so on, the last amount thus obtained is called 
the AMOUNT AT COMPOUND INTEREST. If from this amount 
we subtract the original principal, we obtain the com- 

fOUND INTEREST. 

flow is the amount of corapoaad interest found 1 How it the compound intenil 
•btained 1 | 

y EXAMPLES, 

I. What is the compound interest of $1000, for 3 yearn 
It 7 per cent. ? 

Principal, f 1000 

Interest on $1000 for one year, . . 70 

First amount, or second principal, • 1070 
Interest on $1070 for one year, . . . 74-90 

Second amount, or third principal, . 1144-90 
Interest on $1144-90 for one year, . . 80143 

Third amount, J225-043 

Original principal^ 1000 

The compound interest required, Am. $225 048 
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2. What is the amount of $100, at 6 per cent, per a»» 
num, compound interest, for two years, when the interest 
is added in at the end of every six months ? 

Principal, $100 

Interest on $100 for 6 months, . . 3 

ioi 

Interest on $103 for 6 months, . 3 09 

10609 

Interest on $10609 for 6 months, 3-i827 

109-2727 

Interest on $109-2727 for 6 months, 3-278181 

Amount required, $112-550881 

3. What is the compound interest lof $630, for 4 years^ 
at 5 per cent? Ans. $135-769. 

4. What is the amount at compound interest, of $50 
for 3 years, at 5 per cent 1 Ans. $57*88 1. 

5. What is the compound interest of $1000, for 4 years, 
at 6 per cent ? Ans. $262-477 



•BANKING. 

1 19. A BANK is an incorporated institution, created foi 
Ihe purpose of loaning money, receiving deposits, and 
deahng in exchange. 

The stock, or amount pf money in trade, is limited by 
law, and owned by various individuals who are called 
stockholders. 

Banks are allowed to make notes which are denomi 
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nated hank bUlSj which circulate as money, because, on 
demand of the holders of them, they must be redeemed 
bj the banks, with specie. 

It is customary for banks, in most cases, when they 
loan money, to take the interest in advance ;* that is, to 
deduct it from the face of the note at the time the money 
is lent. The note is then said to be discounted. 

The sum to be discounted, or the face of the note, ')% 
called the amount. 

The interest deducted is called the discount. 

What then remains is called the present worthy or pro- 
ceeds. 

A note to be discounted, or bankable, must be made 
payable at some future time, and to the order of some per- 
son who indorses it. 

It is usual for the banks to take the interest for 3 days 
more than the time specified in the note ; and the borrower 
is not obliged to make payment till these three days have 
expired, which are for this reason called days of grace. 

What it a bank 1 What it the itock 1 / Who are the itockholders 1 How are 
bank notet called 1 Do they circulate ai money 1 How are the banks obliged to 
redeem their notet 1 Huw dp haiiki tometimet take the interest 7 When is Unote 
■aid to be discounted 1 What it the amount? What it the interest deducted called 1 
How it that which remains called 1 Doet a bank note require an indorser 7 For 
how matiy dayt mote than ipecified in the note do bankt take interett 1 Whdt aM 
these three dayt called 1 

What is the banking discount on $1000, for 3 months, 
St 7 per cent. ? 

In this example, we find the interest on $1, for 3 
months and 3 days, at 6 per cent., to be $00 155, which, 
multiplied by 1000, gives $15*50, fot the discount at 6 

* Thit method of discounting bank notes is usurious, and is fast going out of use^ 
end inttaad of it the banks now deduct the discount as found by Rule under Akt 

m. 
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per cent. ; this, increased by its sixth part, Decomei 
$18-08-J for the discount at 7 per cent., as required. 
Hence we may find banking discount by the following 



RULE. 

Compute the interest ( Case IV. Art. 113,) on the given 
sum^for three days mare than is specified. This interest 
will be the discount, 

EXAMPLES. 

1. What is the banking discount of 8150, for 6 months, 
fct 6 per cent. ? Ans, $4-575. 

2. What is the banking discount of $375, for 3 months 
and 9 days, at 7 per cent. % Ans. 87-438. 

3. What is the banking discount of $400, for 9 months, 
at 7 per cent. ? Ans. $21-231. 

4. What is the banking discount of $2930, for 7 
months, at 5 per cent. 7 Ans. $0-867. 

5. What is the banking discount of $472, for 10 
months, at 7 per cent. ? Ans. $27*809. 

130« When the present worth of a bankable note, the 
time for which it is to be discounted, and the rate per 
cent are given, to find the amoimt or face of the note. 

What must be the face of a bank note which, when 
discounted for 4 months and 15 days, gives a present 
worth of $100, interest being 6 per cent. ? 

If we suppose the note to be $1, we find the banking 
discount for 4 months and 15 days to be $0,023 ; nence 
$1 — $0-023=$0-977, is the present worth. Had the lace 
of the note been $2, the present worth would have been 
twice $0,977; had it been $10, ten times $0-977. and 
the same would be true for other ratios. Hence, in ordei 
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Ihat the present worth of the note may be $ IOC its face 
must be as many times greater than $1, as $100 is times 
greater than $0977. Dividing $100 by $0-977, we find 
for a quotient 102-354+. Hence, if a bank note fot 
$102-35 be discounted for 4 months and 15 days at 6 per 
cent interest, the present worth will be $100. 
Hence we have this 



RULE. 

Compute tke hanking discount on $1, for the given timt 
and rate per cent. ; subtract this discount from $1, then 
divide the present worth hy the remainder^ and the quotient 
wiU he the amount^ or face of the note. 

EXAMPLES. 

1. What must be the amount of a bankable note, so 
that when discounted for 3 months, at 6 per cent., it shall 
give a present worth of $600 ? 

In this example, we find the banking discount on $1, 
for 3 months, to be $00155, which, subtracted from $1, 
gives $0-9845 ; therefore, dividing $600 by $0-9845, we 
obtain $609 446, for the required amount of the note. 

2. What must be the face of a bankable note, so that 
when discounted for 2 months, at 7 per cent., the bor- 
rower shall receive $50 ? Ans. $50*62. 

The following table gives the amount of a bankable 
note, so that when discounted at 5, 6, or 7 per cent., for 
any number of months, from 1 to 12, the present worth 
shall be jiist $1. ^o 
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Moothi. 
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1-062605 


11 


1048493 


1058761 


1069233 
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1-053093 


1064396 


1075944 



We will now work some examples by the aid of the 
above table. 

3. What must be the face of a bankable note, bo that 
when discounted for 10 months at 5 per cent., the present 
worth may be $1000? 

Looking in the table directly under the 5 per cent., and 
adjacent to 10 months, we find f 1-043932; this, multiplied 
by 1000, gives $1043932, for the face of the note re- 
quired. 

4. What must be the face of a bankable note, so that 
when discounted for 7 months, at 7 per cent., the present 
worth may be $70-50 ? Ans. $73*546. 

5. What amount must I make my note, so that when 
discounted at the bank for 12 months, at 7 per cent., I 
may receive $100? Ans. $i 07-594. 

6. What must be the amount of a note, so that when 
discounted at the bank for 6 months, at 6 per cent., th« 
borrnver may receive $365 ? Ans. $376-483. 
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COMMISSION. 

131« Commission is an allowance made to a factor 
or commission merchant for buying and selling. It is 
estimated at so much per cent, on the money used in th« 
transaction. 

Wbit ia Commission 1 How is it estimated 1 

Since commission is a certain percentage of money em- 
ployed in bujdng and selling goods, it may be found by 
the rule under Percentage^ Art. 113, which may be 
given as follows : 

RULE. 

Multiply the sum of money on which commission is to be 
computed, by the rate per cent, expressed iih a decimal, and 
the product, when pointed off according to the rule fcr deci- 
maiSf will be the commission. 

EXAMPLES. 

1. What is the commission on $3765-50, at 3^ pel 
cent.? 

OPERATION. 

«3765-50 
0-035 

1882750 
1129650 



$131-79250 



2. What is the commission on $10000, at 4 per cent * 

Ans. $400. 

3. A factor sells 43 bales of cotton at $375 per bale^ 
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and charges 2 per cent, commission. How much monej 
must he pay to his principal ? Ans, $15802*50. 

4. A sends to B, a broker, $3605 to be invested in 
stock : B is to receive 3 per cent, on the amount paid fol 
the stock. What was the value of the stock purchased? 

Since B is to receive 3 per cent., it is plain that $103 (rf 
A's money would purchase $100 worth of stock. Hence. 
the amount expended for stock must be }^^ of $3605= 
$3605-;- 1 03 =$3500. Ans. 

Note. — In such cases as the above, when the given sum includes 
the factor's commission, and we desire to know what amount he 
must invest for his principal, so that the balance may be his com- 
mission on the amount invested, we must divide the given sum by 
the percentage of the commission increased by a unit Thus, 
dividing S3605 by 103, the quotient is $3500, which is the sum 
invested. 

5. A factor ^receives $601 12, and is directed to purchase 
cotton at $289 per bale : he is to receive 4 per cent, on 
the money paid for the cotton. How many bales did he 
purchase 7 

$60112-^-l-04=$57800 amount paid for cotton. 
$57800~$289 =200, number of bales. 

6. The par value* of 125 shares of bank stock was 
$100 per share. What is the present value, if the stock 
is worth 18 per cent, above par? Ans, $14750. 

7. What is the value of 50 shares of bank stock, the 
par value of which was $200 p^r share, on the supposi- 
tion that it is 12 percent, below par, or, that it is worth 
only 88 per cent, of its par value ? Ans. $8800. 

"* By par value ii meant the original eott or estimated ^oe of itoek. Wkeo it k 
worth more than its original cost, it is said to be above par, when it is worth lesa thaa 
•he original cost, it it said to be below par. 
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8. A bank fails, and has in circulation $108567. It 
can pay only 13 per cent. What amount of money hat 
it on hand? Ans. $14113-71. 



INSURANCE. 

133« Insurance is a contract, by which an individual 
or company agrees to restore the value of ships, houses, 
or goods of whatever kind, which may be destroyed by 
the perils of the sea, or by fire. 

The security is given in consideration of a certain sum 
of money called the premium, which is paid by the owner 
of the property insured. 

The premium is always estimated at a certain rate per 
cent, on the value of the property insured. 

The written agreement of indemnity is called a policy. 

What is Inrarancel What it premium 1 How ii the premium estimated. 
What it the policy? 

It is obvious that the foregoing rules under Percentage 
and under Commission, may be employed for finding tha 
insurance premium. 

EXAMPLES. 

L If A gets his house insured for $1800, at 41 cents on 
tlOO, what will be the amount of the premium? 

Ans. $7-38. 

2. An insurance of $12000 was effected on the ship 
Ocean, at a premium of 2 per cent What did the pre 
miiun ai£iOunt to 7 Ans, $240. 

3. 1 effected an insurance of $5230 on my dwellinff* 

22* 
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house and furniture for l.year, at -f of 1 per c6nt. What 
did the premium amount to? Ans. $19-6126. 

4. What is the amount of premium for insuring $34567^ 
at 60 cents on $100 % Ans. $207-402. 

5. What would be the premium for ins\iring a ship and 
cargo, valued at $46370, from Boston to Liverpool, at 2| 
per cent. ? Ans, $ 1 043325. 



LOSS AND GAIN. 

133. Loss AND Gain is a rule by which merchants 
discover the amoimt lost or gained in bu3dng and selling 
goods. It also assists them in adjusting the price of their 
goods so as to lose or gain a certain per cent 

What it LoM and Gain t 

EXAMPLES. 

1. Bought 300 yard« of broadcloth at $2-25 per yard, 
and sold the same at $3*50 per yard. How much was 
gained? 

$3-50 price of 1 yard. 
$2-25 cost of 1 yard. 

$1-25 gain on 1 yard. 
$1-25 
300 

$37500 whole gain. 

2. A merchant bought 320 barrels of flour at $5 pw 
barrel, but he finds he must lose 10 per cent, in the saleft 
How much will he receive for the' whole % 
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The whole cost of 320 barrels is $5 x 320^$ 1600. 
Smce he loses 10 per cent, one dollar's worth must sell 
tor 90 cents. 

$1600 
0-90 

Ans. $1440 00 what he receives. 

3. Suppose I buy 25 cords of maple wood at $2-50 pei 
eord, and sell it so as to make 25 per cent. Wlmt must 
I receive for the whole 1 

The whole cost of the wood is $2-50 x 25= $62*50. 
Since I make 25 per cent, one dollar's worth must sell 
for $1-25. 

$62-50 
1-25 

31250 
12500 
6250 



Ans. $ 781250 what I receive. 

4. Bought a house and lot for $1400, and sold it for 
$1200. How much per cent, did I lose % 

$1400 cost of house. 
$1200 what sold for. 
$200 what I lost on $1400. 

Hence, TWir=|=014f =14f per cent. 

5. Bought 225 gallons of molasses for 26 cents per 
gallon, and sold the whole for $64-35. What did I gain 
per cent. ? 

The whole cost of 225 gallons is $0-26 x 225 = $58-50. 
>rhe whole gain is $64-35 —$58-50 =$5-85. Since $5-85 
is the gain on $58-50, it follows that the gain on $ 1 will 
06 found by dividing $5\S5 by 58*5. Performing the 
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division, we have $5-85-r-58-5=01 or 0-10, that is, tb« 
gain is 10 per cent. 

- From the foregoing examples we are able to deduce the 
following principal 

RULES. 

/. The total gain or loss is the difference between tk$ 
first cost and the selling price. 

11. fhe first cost multiplied hy 1, increased by the gain 
per cent. J or by 1 decreased by the loss per cent., considered 
as a decimal^ will give the selling price. 

III. The whole gain or loss divided by the first costj wiU 
give the gain or loss per cent. 

6. Bought 75 pounds of coffee at 10 cents per poimd. 
At how much per pound must I sell it so as to gain $3 on 
the whole? Ans. $0-14. 

7. Bought 25 hogsheads of molasses, at $18 per hogs- 
head, in Havana ; paid duties, $16-30 ; freight, $25 j 
cartage, $550 ; insurance, $25-25. What per cent, shall 
I gain, if I sell it at $28 per hogshead 7 

Ans. About 34 per cent. 

8. If I buy broadcloth for $3-50 per yard, how much 
must I sell it at per yard so as to gain 25 per cent. 7 

Ans. $4-37|. 

9. If I buy cloth at $350 per yard, how many must I 
sell it at per yard so as to lose 25 per cent ? Ans. $2-62^. 

10. A person bought a city lot for $800, and sold it so 
as to gain 40 per cent. How much did he sell it for ? 

Ans. $1120. 
IL A house which cost $3000 was sold for $2400. 
What per cent, was lost 1 Ans. 20 per cent. 

12. A house which cost $2400 was sold for $300fX 
What per cent, was gained 7 Ans. 25 per cent 
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FELLOWSHIP. 

134. Fellowship is the union of two or more indi* 
riduals in trade, with an agreement to share the losses 
and profits in the ratio of the amount which each in- 
dividual puts into the partnership. The money employed 
18 called the capital stock. 

The loss or gain to be shared is called the dividend. 

What is Fenowsl>!p 1 What is the capital itock 1 What is the dividend 1 
EXAMPLES. 

1. A, B, and C, enter into copartnership. A put in 
$180, B put in $240, and C put in $480. They gained 
8300. What is each one's part of the gain ? 
$180 A's stock. 
240 B's stock. 
480 C's stock. 

$900 whole stock. 

m=: J = A's part of the entire stock. 
.m=TV=B's « « « " « 
in=^=0'B " « « " " 
Kence, A must have i of $300= $60 for his gain, 
B " « TVof$300= $80 « « « 
C « « TVof$300=$160 « " « 

$300 
From the above we may deduce the following 

RULE. 
Make each partner* s stock the numerator of a fraction, and 
ike sum of their stock a common denominator ; then multiply 
the whole gain or loss hy each of these fractions, for each 
partner^s share. 
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2. Five persons, A, B, O, D, and E, are to share between 
them $2400. A is to have ^ ; B is to have 1 ; C is to 
have f ; D and E are to divide the remainder in proportion 
to the numbers 5 and 7. How much does each one 
receive 1 

A receives } of $2400 =$400. 

B « Jof 2400= 600. 

C « fof 2400= 900. 

$1900. 

$2400 
1900 

$500 sum of D's end E's part. 

5 represents D's part. 
7 represents E's part. 

12 represents the sum. 

Hence, D must receive ^^ of $500=$208-33f 
E must receive ^ of 500= 291 -eel. 

3. There are three horses belonging to three men, eiii- 
ployed to draw a load of plaster a certain distance for 
$26-45. It is estimated that A's and B's horses do J of 
the labor; A's and C's horses ^^ ; B's and C's horses i^. 
They are to be paid proportionally according to these es- 
timates. What ought each man to receive? 

A's and B's horses do f z=-i^ 

A's and C's horses do •A=-H 

B's and C's horses do i^=i^. 

Adding all these fractions togethen^ we shall obtain 

twice what they all do, according to the above estimate; 

if we take half the sum, it will give the part supposed to 

be done by all. 

Hence, A's, B's, and C's horses do -j^. 
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If from this fraction we subtract -j^, which is J^b and 
C's, we find fj for the part supposed to be done by A'a 
horse. In the same way we find jft for the part done by 
B*s horse, -jft- will represent the part done by C*s horse. 

Therefore, the parts which the three horses are sup- 
posed to do are -Jf , ift, jft. These fractions, having a com- 
mon denominator, must be to each other as their numer 
ators, that is, as 10, 5, 8, whose sum is 23. 

Hence, A ought to have H of $26-45=$ll-50. 
B ought to have A of 26-45= 575. 
C ought to have j^ of 26-45= 9-20. 

Proof, »26-45. 

4. A, B, and C, agree to contribute $365 towards bulLi- 
ing a church, which is to be at the distance of 2 miles 
from A, 2^ miles from B, and 3-J- from C. They agree 
that their shares shall be proportional to the reciprocals 
of their distances from the church. What ought each to 
contribute ? 

The reciprocals of the numbers 2, 2-J, 3^, are -J-, A? 
f ; these reduced to a common denominator, become Hjti 
"Hf J "^- Now, we must obviously divide $365 in the 
proportion of these numerators ; their sum is 365. 

Hence, A must contribute ifi of $365=$16l. 
B " iff of 365= 112. 

C « -^fOf 365= 92 . 

Proof $365. 

5. A person wills to his two sons and a daughter, the 
following sums : To the elder son $1200, to the youngei 
•on $1000, and to his daughter. $600 ; tut it is found tha 
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his whole estate amounts to only $800. How much 
ought each child to receive ? 

r The elder son received $342-857+, 
Ans.-i The younger son received 285-714f. 

L The daughter received 1 7 1 -428+. 
6. Four persons, A, B, C and D together contribute $500 
towards the erection of a school-house, which is located 
at the distance of -J- of a mile from A's residence, -J- of a 
mile from B's, f of a mile from C's, and 1 mile from D's. 
They contributed in the reciprocal ratio of their respective 
distances from the school-house. How much did each 

Ifive? 

"A gave if of $500 =$240. 

Ans J^ '^ A of 500= 120. 

C « T^of 500= 80. 

.D « TiVof 500= 60. 



DOUBLE FELLOWSHIP. 

139* When the stock of the several partners continues 
in trade for unequal periods of time, the profit or losa 
must be apportioned with reference both to the stock and 
time. In such cases the fellowship is called Double Fel** 
Lowsmp. 

What if Double FeOowthip 1 

EXAMPLES. 

1. Three partners. A, B and C, put into trade money as 
follows : A put in $400 for 2 months ; B put in $300 for 

Digitized by Google 



DOUBLE PELLOWSHIP. 2o5 

4 months ; C put in $500 for 3 months. They gained 
f 350. How must they share of this gain ? 

It is evident that $400 for 2 months is the same as 
•400 x2=$800 for one month. 

And $300 for 4 months is the same as $300 x 4=$1200 
for one month. 

And $500 for 3 months is the same as $500 x 3=$1600 
ibr one month. 

Hence, $800 A*s money for one month. 
1200 B*s money for one month. 
1500 C's money for one month. 

$ 3500 

Therefore, by Single Fellowship, 

A must have -^VV=-^ of $350=:$80. 
B " « im=Uof 350=120. 
C " " iW=-^of 350=150. 

$350 ProoC 

RULE. 

Multiply each partner's stock hy the time it was in trade ; 
ffwdte each product the numerator of a fraction^ and the sum 
of the products a common denominator ; then multiply the 
whole gain or loss by each of these fractions, for each part- 
ner's share, 

Itooeat this Ru>e. 

2. 'Fnree farmers hired a pasture for $55-50 for the 
season. A put ifl 6 cows for 3 months, B put in 8 cows 
for 2 months, C put in 10 cows for 4 months. What rent 
•ught each to pay? TA ought to pay $13-50. 

Ans. <B « 12-00. 

„ IC « ^ 30;0a 
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3. On the first day of Januarj^ A began business with 
$650 ; on the first day of Ajwril following, he took B into 
partnership with $500 ; on the first day of next July, they 
took in C with $450 ; at the end of the year they found 
they had gained $375. What share of the gain had 

each? 

fA had $195. 

Ans,<B « 112-50. 
Lg « 67-60. 

4. A, B and C, have together performed a piece of 
work for which they receive $94. A worked 12 days of 
10 hours each ; B worked 15*days of 6 hours each ; C 
worked 9 days of 8 hours each. How ought the $94 to 
be divided between them ? 

A worked 12 x 10 = 120 hours. 
B " 15 X 6= 90 hours. 
C " 9x 8= 72 hours. 
282 

•Therefore, A had ^fj- of $94=ff of $94= $40. 
Bhad^^of 94=-}f of 94= 30. 
Chad,%of 94=-Hof 94= 24. 

5. A ship's company take a prize of $4440, which they 
agree to divide among them according to their pay and the 
time they have been on board. Now the officers and mid- 
shipmen have been on board 6 months, and the sailors 3 
months ; the officers have $12 per month, the midshipmen 
$8, and the sailors $6 per month ; moreover, there are 4 
officers, 12 midshipmen, and 100 sailors. What will each 
one's share be? 

{Each officer must have $120. 
Each midshipman " 80. 
Each sailor " 30. 
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ASSESSMENT OF TAXES 

136« Taxes are moneys paid by the people for the 
support of government. They are assessed on the citi- 
leens in proportion to their property ; except the poll tax, 
which is so much for each individual^ without regard to 
his property. 

In order to ascertain what each individual ought to pay, 
an accurate inventory of all the taxable property must be 
made. 

When a tax is to be assessed on property and polls, we 
must first see how much the polls amount to, which must 
be deducted from the whole sum to be raised ; we must 
then apportion the remainder according to each individual'r 
property. 

To effect tnis apportionment, we find what per cent, of 
the whole property to be taxed, the sum to be raised is ; 
we then multiply each one's inventory by this per cent., 
expressed in decimals, and the product is his tax. 

Assessors find it convenient to form a table which shall 
at once give the taxes on small sums, from one dollar and 
upwards. 

What are taxes 1 How are they assessed 1 What it a poll tax 1 Wly mutt tat 
«Miltate inventory of all the taxable property be made 1 When a certain tax is to be 
laid on property and polls, which must be found first 1 Having deducted the amount 
of poll taxes, how do we proceed 1 Having found the tax on one dollar, how do we 
•btain the tax for any other amount 1 May the labor be shortened by means of t 
lablel 

EXAMPLES. 

I. Suppose a tax of $600 is to be raised in a town con- 
fining 60 polls. If the whole taxable property amountu 
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to $37000, and each poll tax is $0-75, what will be A'i 
tax, whose property is assessed at $653, and who payi 
one poll ? 

$0-75 amount of one poll tax. 
60 

$45 00 amount cf all the poll taxes. 
$600 whole amount to be raised. 
Deduce 45 amoimt of poll taxes. 

$ 555 amoi mt to be raised on $37000. 
Hence, •sff^ir=$0-015 tax on one dollar. 
Haying found the tax on one dollar, we readily con« 
struct this 

TABLE. 



$1 pays 


$0015 


$20 pays $0^30 


$200 pays $3 00 


2 " 


•03 


30 


(( 


•45 


300 « 4-50 


3 « 


•045 


40 


u 


•60 


400 « 600 


4 « 


•06 


50 


u 


•75 


500 « 7-50 


5 « 


•075 


60 


u 


•90 


600 « 900 


6 « 


•09 


70 


(C 


105 


700 « 10-50 


7 " 


•105 


80 


a 


1-20 


800 " 12-00 


8 « 


•12 


90 


u 


1-35 


900 " 13-50 


9 « 


•135 


100 


ii 


1-50 


1000 " 1500 


10 *« 


•15 











Now, to find A's tax, his property being $653, 1 find by 
the above Table, that 

The tax on $600 is $9-00. 
The tax on 50 is '75. 
The tax on 3 is -045. 

The tax on $653 is $9*795. 
One poll is -75 



$10*545 tax requized. 
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2. By the above table, what would be the tax on $425, 
ibere being no poll tax? Ans. $6-375. 

3. By the same table, what must B pay, who has 2 
polls, and whose real and personal property is assessed at 
•762? An*. $12-93. 

4. If C pays 3 polls, and is assessed a; $1250, how 
much ought he to pay? Ans, $21. 

5. What is the tax on $375, there Deing no polls ? 

^ Ans, $5-625. 

6. How much is the tax on $1875? Ans. $28-125. 

7. How much is the tax on $1100? Ans. $16-50. 

Note. — By this method school rates may be compuied, taiei 
for bnildlog school-houses, or, indeed, rates for any other similar 
purposes. 



EQUATION OF PAYMENTS. 

137. Equation op Payments is a process by whicn 
we ascertain the average time for the payment of several 
sums due at different times. 

Wliat ifl Equation of Payments 1 

Suppose I owe $1000, of which <^100 is due in 2 months, 
$250 in 4 months, $350 in 6 months, and $300 in 9 
months. Now, if I pay the whole sum at once, how 
many months credit ought I to have ? 

A credit on $100 for 2 months'] 
18 the same as a credit on $1 for l-100x2mo.=200mot 
200 months. J 

23* r- T 
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A credit on $250 for 4 months'] 
is the same as a credit on $1 for I250x4mo.=:l000i»ui 
1000 months. J 

A credit on $350 for 6 months"] 
is the same as a credit on $1 for 1-350 x6mo.=2100m«t 
2100 months. J 

A credit on $300 for 9 months 1 
is the same as a credit on $1 for >300x9mf.= 2700ma 

2700 months. J 

$1000 eOOOmo. 

Hence, I ought to have the same as a credii on 81 foi 
6000 months. But if I wish a credit on $1000 instead ol 
$1, it ought evidently to be for only one thousandth part 
of 6000 months, which is 6 months. 



Hence, we infer this 



RULE. 



Multiply each sum hy the time that must elapse before xi 
becomes due ; divide the amount of these products by the 
amount of the sums; the quotient will be the equated time. 

EXAMPLES. 

1. I purchased a bill of goods amounting to $1500, of 
which I am to pay $300 in 2 months, $500 in 4 months, 
and the balance in 6 months. What would be the mean 
time for the pajrment of the whole? 

Ans, 4rfgmo.y or 4mo. IGda. 

2, A merchant owes $500 to be paid in 6 months, $600 
to be paid in 8 months, and $400 to be paid in 12 months. 
What is the equated time of payment 1 

Ans, Sfmo., or Brno. I2da, 
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3. A owes B a certain sum; one third is due in 6 
months, one fourth in 8 months, and the remainder in 19 
months. What is the mean time of pajrment ? 

It is evident that it makes no difference what the amount 
p which A owes B, since it is certeiin fractional par^ 
which become due at particular times. If we suppose thM 
sum to be $1, then our work-will be 

mo. mo, 
iX 6=2 
i X 8=2 
Remainder is -j^, and t\ x 12=5 

Ans. 9 months. 

The least sum which we can take so as \o ayoid frac- 
tions is $12. In this case we have 

i of 12=4, and 4x 6mo.=24mo 
i- of 12=3, " 3x 8ma=24mo. 

Remainder, =5, " 5x 12mo.=60mo. 

12 lOSmo. 

Hence, ■W-=9 months for the time. 

4. A merchant has due him $300 to be paid in 2 months ; 
$800 to be paid in 5 months; $400 to be paid in 10 
months. What is the equated time for the payment of the 
whole ? Ans. 5-H^o., or 5mo. 22da. 

5. A merchant owes $1200, payable as follows: 8200 
in 2 months, $400 in 5 months, and the remainder in 8 
months. He wishes to pay the whole at one time. Wl\at 
18 the equated time of such pajrment ? Ans. 6 months. 

6» A merchant bought goods to the amount of $2400, 
for one fourth of which he was to pay cash at the time of 
receiving the goods, one third in 6 months, and the balance 
in 10 months. What was the equitable time for the paj^ 
ment of the whole ? ^ t 
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■J-u B2400t=»^00, which for 
montf)v» gives 600 x 0= Om^. 

i of $2400:::. $800, which for 6 
months gives 800 x 6= 4800»i« 

Balance=$llOO, which for 10 
months gives 1000 x 10= lOOOOmo 

2400 14800in9 

Hence, 1 4800mo. —2400=61 months for the time sought. 

It is obvious that the time may be estimated in days aa 
well as in months. To illustrate this we will give several 
examples of this kind. ^ 

7. Suppose I owe $100 payable on January 1st, 8150 
on February 5th, $300 on April 10th. If we count from 
January 1st, and allow 29 days to February, it being 
Leap year, on what day ought the whole sum in equity 
to be paid ? 

Counting from January 1st, the $100 will have no time 
of credit: 100 x Oda.= Oda, 

From Jan. 1st to Feb. 5th is 
35 days: 150 x 35<fa.= 5250da, 

From Jan. 1st to April 10th is 
1 00 days : 300x 100(^fl.=30000 cfg, 

550 35250da, 

Hence, 35250f?a.~550=64^ days, or counted from 
Jan. 1st, gives March 5th for the equated time of the pay- 
ment of the whole. 

Note.— The table under Art. 76 will be found very convenleal 
for dntermining the number of days between the different dates. 

8. A merchant bought a bill of goods amounting to 
$1000. He agrees to pay $250 the first day of the next 
March, $250 on the 3d of the following May, $250 on the 
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4th of the following July, and tte remaining $250 on the 
15th of the following September. What would be the 
equitable time for paying the whole ? 

In this example, all the payments being equal, we may 
take for each one any sum we please. For simplicity w« 
will consider each payment as #1. 

Counting from March 1st, we see that the first payment 
has no credit: Ix days= days. 

From March 1st to May 3d 
is 63 days: Ix 63 days= 63 days. 

From March 1st to July 4th 
is 125 days: 1 x 125 days=125 days. 

From March 1st to Sept. 
15tb is 198 days : ^ X 198 days=198 days. 

$4 386 days. 

Hence, 386 days 4- 4 =96^ days. Calling this 97 dajrs, 
and counting from March 1st, we have June 6th for the 
time sought. 

When a debt due at some future period has received 
several partial payments before the time due, to find how 
long beyond this time the balance may in equity remain 
unpaid. 

9. Suppose $1000 to be due at the end of 6 months; 
that 3 months before it is due there was paid $100, and 
that 1 month before the expiration of the 6 months, there 
was paid $300. How long after the end of the 6 monthi 
may the balance of $600 remain unpaid ? 

100x3mo.=300m(?. 
300xlmQ.=300m o. 

600)600 mo. 

Ans. 1 month. 
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Hence we have this 

RULE. 

Multiply each payment by the time it was paid before due 
then divide the sum of the products thus obtained by the 
halance remaining unpaid ; the quotient will be the equated 
time. 

EXAMPLES. 

10. Suppose $1496-41 to be due at the end of 90 days, 
that 84 days before it is due there is paid $500 ; 32 days 
before the 90 days expire there is paid $502-50. How 
long after the 90 days before the balance of $493*91 
ought to be paid ? Ans. 1 1 7-J- days. 

1 1. A lent $200 to B for 8 months ; at another time he 
lent him $300 for 6 months. For how long a time ought 
B to lend A $800 to balance the favor? 

Ans. A-i months. 

12 8. It is customary with many merchants to give a 
credit, of from 3 to 6 months, on their bills of sale. In 
such cases, in settling up their accounts, which generally 
consist of various items of debit and credit at sundry times, 
it is very desirable to have some simple rule by which the 
cash balance can be found. We have prepared a rule 
for this purpose. 

Suppose A has the following account with B : 



1848. 


Dr. 


1848. 


Or. 




. «100 


Feb. 8. By Merchandiie, 


. tao 


Manliatt. " , " . . . 


. 400 


April 23. »• »« . . . 


. 375 



What is the cash balance, July 10, 1848, if interest is 
estimated at 7 per cent, and a credit of 30 days is allowed 
on all the different sums 1 
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If interest were not considered, the above account could 
be balanced as follows: 



1848 Dr. 

Jac IC. To Merchandise, #100 

MuehSe. ** *«.... 400 

♦500 
To Balance #75 



1848. Cr, 

Feb*. 8. By Merchandlie, . . #50 

April 23. " " 375 

" Balance 75 

#500 



Had no credit been given, the debits should be increased 
by the following items of interest: (See Table, Axt. 76, 
and Rule, Art. 114 •) 

On $ 1 00 for 182 days at 7 per cent. = 1 OC x 1 82 x f eY- 

« 400 ' 106 " " « =400xl06xf6Y- 

In like manner the credits should be increased by in- 
terest : 

On $50 for 153 days at 7 per centzz 50x 153 xf^^. 

« 375 « 78 « ^ « =375 X 78 xf^. 

But, since 30 days credit is given on all sums, it follows 
that by the above, we should increase the debits by an 
excess of interest equal to the interest of the sum of 
debits, $500, for 30 days =500 x 30 xf^. In like man- 
ner we should increase the credits by an excess of in- 
terest equal to the interest of sum of credits, $425, for 30 
days =425x30 xi?f- 

Now if, instead of diminishing the debit items of interest 
by 500 X 30 X f 'eV? a.nd the credit items of interest by 425 
XSOx^Vy^, we merely diminish the debit items of interest 
by the interest on merchandise balance, $75, for 30 days, 
which is 75x30x-fr*^, the result wil be the same. 
And since taking any sum from one side of a book 
uccount has the same effect as adding the same sum to 
the other side, it follows, that instead of diminishing the 

Digitized by Google 



276 KLEMENTARY ARITHMETIC. 

debit items of interest by 75 x 30 xf'^, we maj increas* 
the credit items of interest by this same quantity. 

From which we see that the difference between 
100 X 182 xf ^+400 X 106 xf^ and 50 x 153 Xf^-f- 
375 X 78 X iV^+ 75 X 30 X f ^ is the interest balance. 

The operations indicated in the foregoing work may be 
exhibited in a more condensed form, as follows : 

Dibits. Crkdits. 

9 Days. Q Days. 

100x182=18200 60x153= 7650 

400x106=42400 375 X 78=29250 

^^0 75x 30= 2250 

39150 39150 



184a 


O. 


Feb. 8. By Merchandise, . 


. e5(H» 


April 23. " " . . 


37500 


July 10. »' balance . . . 


. 7911 



i'^ of2lA50=$ill=zinterest balance. 
Hence the foregoing account will become balanced aM 
follows : 

1848. Dr. 

Jan. 10. To Merchandise, . #100-00 

March 26. " "... 400-00 

July 10. "balance of interest 411 

504-11 •504-11 

July 10. " Cash balance . . #79-11 

From the above, we deduce this 

RULE. 

Place suck sum on the debtor or credit side as ma^ bi 
necessary to balance the account, which sum may be regarded 
as MERCHANDISE BALANCE. Then multiply the number Oj 
dollars in each entry by the number of days from the time 
such entry was made, to the time of settlement ; observing to 
multiply the merchandise balance by the number of day 
for which credit is given. 
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Mulhfly the differencei between the sum of the deht pro' 
duciSj ftnd the sum of the credit products, by the interest of 
$\ for 1 day ; the product will be the number of dollars in 
INTE££ST BALANCE, which wiU be infavoT of the debit side oj 
account^ when the sum of debit products exueds the sum of 
tredit products ; but in favor of the credit side when the 
turn of credit products exceeds the sum of debit products. If 
then, the interest balance be added to, or subtracted from, the 
merchandise balance, as the case may require, it wiU give the 
cash balance. 



EXAMPT.E8. 




1. Suppose A has the following account with B : 




1848. Dr. 


1848. 


Or. 


Ju. 1. To Mtrehandite, . . . «aOO 


Jan. 15. By MerehandiM, . 


.«300 


MaichS. " " 500 


MarchSO. " « . . . . 


. 400 


May 10. " •• . . . .100 


May 3. " " . . . . 


. 200 


Jane 6. « ♦* 300 


July 1. ** " . . . . 


. 50 



1100 
950 



fOSO 



Merchandise balance f 150 

What is the cash balance of the above account on the 
Ist of July, 1848, provided each individual is allowed 90 
days time on his purchases, if interest is estimated at 7 
per cent. ? 

OPERATIOI^. 

Dkbit FaoDUCTs. Credit Products. 
$ Days. $ Days. 

SOOX 182=36400 300 X 168+50400 

600X 120=60000 400x 103=41200 

lOOx 52= 5200 200X 59=11800 
SOOX 25= 7500 50 X 

IIOOX 



0= o 

109100 Md. bal. 150 X 90=13500 
116900 
109100 



24 



0'07 
JJTE 



of 7800=1-49 nearly 
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hence $1*49 is the interest balance, which balance is in 
favor of the credit side ; but $150, the merchandise balance, 
was in favor of the debtor side ; consequently the cask 
balance is $150— $1-49=:$ 148*51 in favor of A. 

2. Suppose A*s account with B to have been as fol 
lows: 



1848. • Dr. 

Jan. 10. To Merchandise, . . tSSO-ST 

Feb. 25. " " . . . . 113-04 

Maiehl. ** ** . . 405-59 

76iH)0 
688-53 

Merchandise balance 80*48 



1848. Cr. 

June S5. By Merchandise, . •37*51 

July 30. " " 50-98 

July 88. " « 300KS3 

#688-53 



What is the cash balance, and in whose favor, on the 
1st of August, 1848, provided 6 months, or 180 days' time 
is given, interest being 6 per cent. ? 

Note. — In practice, when the cents in any of the entries, as in 
this example, are less than 50, we may, without sensible error, omit 
them; but when they are 50, or greater, we may consider them as 
an additional dollar. 



( 


DPERATION. 


Debit Products. 


Credit PRosuorfc. 


• Days. 


• Days. 


250x204=51000 


38 X 37= 1406 


113x158=17854 


51 X 12= 612 


406x153=62118 


600 X 4= 2400 


769 130972 


Md. bal. 80x180=14400 


. 18818 


18818 



i'i^f of 112154=18-44 nearly; hence $18-44 ii 
the interest balance, which balance is in favor of the 
debtor side. The merchandise balance of $80-48 was also 
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in favor of the debtor side, consequently the cash balance 
is $80-48-f$18-44=$98-92 in favor of A. 

What ia meant by a cash balance 1 What U meant by merchandiie balaneel 
faistead of diminishing one side of a book account by a certain ram, what may be 
ione 1 How it the interest balance found 1 In favor of which side of an accooot 
will Jie interest balance be 1 Repeat the Rule. In practice, what may be done with 
ike easts in any of the entries 1 



INVOLUTION. 



130« The product arising from multiplying a riumber 
into itself is called the second power, or the square of that 
number. Thus, 3x3=9: the number 9 is the square 
of 3. 

If the square ^f a number be again multiplied by that 
number, the result is called the third poioer, or the cube of 
the number. Thus, 3 x 3 x 3=27 : the number 27 is the 
cube of 3. 

The word power denotes the product arising from mul- 
tiplying a number into itself a certain number of times ; 
and the number thus multiplied is called the root. Thus, 
9 is the second power of 3, and 3 is the square root of 9. 
In the same manner 27 is the third power of 3, and 3 is 
the cube root of 27. 

Tm product arising from multiplying a number into itself is called what t If it be 
wmA as a factor three times, what power is it 1 The numbw is what power of 3 1 
Tke Bnmber 27 is what power of 3 1 What is the square root of 9 1 What is the 
•obe loot of 271 

130* Involutiom is the method of finding the powers of a 

numhers. 
To denote that a number is to be raised to a power, a 
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small figure is placed above, a little to tho r^ht of t\\e 

number whose power is to be found. 

The small figure is called the index, or exponent. 
Thus, 4*= 4 X 4= 16 ; here th« exponent is 2, and 4* de 

notes the second power of 4. In the same way we hai»6 

3*= 3 the first power of 3. 
3*=: 3 X 3 = 9 the second power of 3. 
3'=:3x3x3= 27 the third power of 3. 
3^=3x3x3x3= 81 the fourth powei uf 3. 
3*=3 x 3 X 3 X 3 X 3=243 the fifth power of 3. 
&c., &c. 

The second power of a num- 
ber is called the square of 
that number, because it may 
be represented by means of a 
geometrical square. Thus, 
in the adjacent figure if the 
side of this square is 12 linear 
units, as 12 inches long, its 
entire surface will be denoted 
byl2xl2=144 square units, 
which in this case will be 144 square inches. 

For a similar reason, the 
third power of a nunaber is 
called the cube of that number, 
since it can be represented by 
the geometrical cube, as in the 
adjacent figure, where the side 
of the cube is supposed to be 3 
linear feet, consequently each 
face will be 3x3=9 square 
feet, and its volume will be 3 x 3 x 3=27 cubic feet 
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INVOLUTION. 23 

To raise a number to any power, we have the follow- 
ing 

RULE. 

Multiply the number continually by itself) is many tim€t 
kss one as there are units in the exponent ; the last product 
will be the power sought. 

What ia InTolution 1 How do we denote that a number it to be jaiaed to a i>»wer 
What is thu small figure placed above, a little to the right, called 1 Repeat the Ruk 

EXAMPLES. 

1. What is the square of 23 ? Ans. 529. 

2. What is the cube of 17 ? Ans. 4913. 

3. What is the fifth power of 47 ? Ans. 229345007. 

4. What is the ninth power of 9 ? Ans. 387420489. 
6. What is the square of 625 ? Ans. 390625. 

6. What is the cube of 48 ? Ans. 1 10592. 

7. What is the square of 0-75 ? Ans. 05625. 

8. What is the cube of 065 ? Ans. 0-274625. 

9. What is the square of 8 J ? Ans. 721. 
10. What is the square of f ? Ans. t^. 
U. What is the cube of i ? Ans. ft*. 
12. What is the cube power of 3i ? Ans. -4^=37-8V. 
IS. What is the fifth power of 2f ? 

^n^.Xfj|jx=l57TVyV. 

14. What is the third power of 05 ? Ans. 0-125. 

15. What is the fourth power of 0-25? 

Ans. 000390625. ^ 
I6i What is the square of a ? Ans. || ' 

17 What is the cube of 1^? Ans. 3|. 

18. What is the cube of 2i ? Ans. lOAJy. 
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EVOLUTION. 

131« Evolution is the reverse of involution ; that ia, 
it explains the method of resolving a number into equal 
factors. 

When a number can be resolved into equal factors, one 
of these factors is called a root of the number. 

If the number is resolved into two equal factors, one of 
these factors is called the square root. 

Thus, 36=6 X 6, and 6 is the square root of 36. In the 
sc.me way 7 is the square root of 49, since 49=7 x 7. 

To denote that the square root of a number is to be 
found, we use the symbol -v/. Thus, -v/Sl denotes that 
the square root of 81 is to be found; that is, y8l=9; 
so V100 = 10; ^25=5. 

When a number is resolved into three equal factors, one 
of these factors is called the cube root of the number. 

Thus, 64=4 X 4 X 4, and 4 is the cube root of 64 ; also 
5 is the cube root of 125, since 125=5x5x5. 

To indicate that the cube root of a number is to be 
found, we use the symbol ^ ; thus, ^27 denotes that the 
cube root of 27 is to be found ; that is, -^7=3 ; so-f64 
=4; ^8=2; -^16=6. 

We shall hereafter use the dot (.) to denote multiplica- 
tion. Thus 3.4 indicates that 3 is to bo multiplied by 4. 
Also 3 X 4.8 denotes that the product of 3 and 4 is to be 
multiplied by 8. 

When the dot is used to denote multiplication, it is 
placed near the bottom of the line, but when used to de- 
note a decimal, it is placed near the middle of the line. 

What it Evolution 1 When a number can be resolved into a number of equal Ao- 
loit. what is such a factor called 1 If the number is resolved into two equal fitct«% 
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wfuCt h the TOO* eolled 1 When lewlved into three equal faeton, what is the ro^ 
called 1 What eharacter is used to denote the square root 1 What to denote the 
cube root 1 What is the square root of 81 1 What is the square root of 100 1 Wha. 
iitiie cube root of 271 What is the cube root of 6 1 What additional sign ef mol 
lipUeatioaisaaedl 

Before explaining the method of extracting the square 
loots of numbers, we ^hall involve some numbers ly con- 
sidering them as decomposed into units^ tens, hundreds^ ^c. 

What is the square of 25 ? Of 35 ? 

OPERATION. OPEEATION. 

25=20+ 5 35=20+ 5 - 

20+ 5 30+ 5 

100+25 150+26 

400+100 900+150 . 

2ffl=400+20Q+25 35^=900+300425 
By a similar method, we find 

46*=(40+6)'=40»+2x40.6+6«= 1600+480+36. 

54«=(50+4)"=50«+2x50.4+4''=2500+400+l6. 

93*={90+3)*=90»+2x90.3+3»=8100+540+ 9. 

48*=(40+8)*=40«+2x 40.8+8''= 1600+640+64. 

From the above, we draw the following poperty : 

The square of the sum of two numbers is equal to the 
tquare of the first number^ plus twice the product of the 
irst nunUfer into the second^ ^us the square of the 
eeond. 

If we wish the square of the sum of three numbers, as 
6+8+9; we may unite the first and second by means of 
a parenthesis, thus, for 6+8+9, we may make use of 
(6+8) +9; and now regarding 6+8 as one number, the 
preceding rule for the sum of two numbers will apply to 
(6+ 8) +9 that is, the square of 6+8+9 is equal to th« 
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square of ^5+8.) plus twice the product c/ (6+8) into!? 
plus the square of 9. But the square of C+8 has aheadj? 
been shown to be, the square of 6, plus twice the product 
of 6 into 8, plus the square of 8. Hence, the square ol 
6+8+9 is equal to' the square of 6, phis twice the pro- 
duct of 6 into 8, plus the square of 8, plus twice the pro- 
duct of the sum of 6 and 8 into 9^, phis the square of 9. 
Or in general terms. 

The square of the sum of three numbers is equal *$ tki 
square of the first number, plus tvnce the product ofthejirsi 
number into the seeond, plus the square of the second; plus 
twice the product of the sum of the first two into the third, 
plus the square of the third. 

Continuing in this way, we could show that, the square 
of the sum of any number of numbers is the square of the 
frst number, plus twice the product of the first number int$ 
the secondy plus the square of the second ; plus twice the pro* 
duct of the sum of the first two into the third, plus the 
square of the third; plus twice the product of the sum oftht 
first three into the fourth; plus the square of the fourth; 
plus twice the product of the sum of the first four into th§ 
fifth plus the square of the fifth ; and so on. 

We will now apply this gerwral rule to a few e* 
ftmples. 

1. (2+3)"=2»+2x2.3+3^ 

2. (5+7y=5«+2x 5.7+71 

3. (3+4+5)«=3«+2xa.4+4*+2x(3+4).5+5«. 

4. (5+6+7)*=:5''+2x5.6+6«+2x(5+6).7+7*. 

5. (7+8+9)«=7»+2 X 7.8+8''+2 x (7+8).9+y. 

6. (35)«=(30+5)»=:30«+2x30.6+5>. 

7. (47)»=(40+7)«=40«+2x 40.7+7*. 

8. (366>«=(300+60+5)»=300«+2x 800.60+W+ 
2x(300+60>.5+5«. .o..e...Google 
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(40Q+80)-7, 



400-80. 



400* 




B eTL 



9. ^487)''= (400+ 80+7)«=400«+ 2x400.80 + 80«+ 
2x{400+80V7 + 7". 

The abov^e method of squaring a number consisting ot the sum 
^ two or more numbers, is elegantly illustrated geometrically a»i 
follows : 

The sguare ABCD may be en- 
kiiged to the square AEKF, by the 
AddttioQ of the two equal rectangles 
BG aiti DH, whose lengths are each 
equal to the side AB of the original 
square, and whose widtiiis are equal 
»n BE, the quantity by which the 
side of the square^as been aug- 
mented, also a little square, CGKH, 
whose side is the same as the width 
of one of die equal rectangles. 

Again, the square AEKF, having its side increased by EL, be- 
comes augmented by the two rectangles EN, FP, and the little 
square KR. Thus we mlg^t continue to augment the square last 
found by the addition of two equal rectangles, and a little square; 
the length of each rectangle being equal to the side of the square 
which is to be augmented, and the width equal to the quantity b 
which the side of the square is increased ; and the side of the littix: 
square being the same as the width of one of the rectangles. The 
diagram is adapted to the case of squaring 400+80+7=487. 

133* Let us now, by reversing the above process, deduce a 
rule for extracting the square root. 

Let it be required to extract the square root of 527076. For the 
sake of simplicity, we will suppose we are required to find the num- 
ber of feet in the /.ie of a square whose area shall contain 537076 
iqnare feet. 

The smallest number, consisting <^ two figures, which is 10, be- 
oomesi when squared, 100; having move than two figures. Again, 
the largest number of two figures, 99, becomes, when squared, 9801, 
having four figures. Hence, when a number consists of more than 
two figures, and of not more than four, its square root will consist 
of two figures. By a similar method it may be shown, that when 
t nsmber eondsts of more than iaor, and of not more than six 
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figures, its square loot will consist of three figures. Therefore, U 
we separate a number into groups of two figures each, the number 
of groups will denote the number of figures in the square root of 
that number. 

In this example, we see that there must be three figures in th« 
root. 

We know that the side of the square sought must exceed TOO 
\%ear feet, since the square of 700 is 490000, which is less than. 
S27076 : we also know that the side of this square must be less than 
iHOO linear feet, since the square of 800 is 640000, which is greater 
than 527076. Hence the first, or hundreds* figure of the root, Is 7 ; 
which is the greatest number whose square can be coutained in 5>% 
the first or left-hand period. 

If we .suppose each ^ 

side of the square 
ABCD to be 700 
liriear feet, its surface 
will be 700 X 700= 
490000 square feet, 
which, subtracted 
from 527076 square 
feet, leayes 87076 
square feet. 

Hence it is neces- 
sary to increase the 
square ABCD, by 
37076 square feet We 
have seen that such 

increase is efiected ^ ^ 

by the addition of 

two equal rectoffigles, and a little square. The surfiiee of the twi» 
rectangUs will evidently /nake by far the largest porticm of the 
whole increase. The length <rf one erf these rectangles is the same 
as the length of a side of the square ABCD, which has already 
been shown to be 700 linear feet. The length of the two rectanglei 
taken together will be twice 700 Hnear feet, or what would be the 
same thing, 700 Unear feet added to 700 linear feet If to BC, which 
is 700 Umar feet, we add CD, which is also 700 linear feet, w« 
shftU have BC-fCD equal to 1400 Unear feet, for the length of the 
two rectangles. W^re we to multinlv 1400 bvMhe width of a 
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f^ect&ngle, we should obtain the number of square feet in these 
rectangles, or nearly the 37076 square feet which require to be 
added. Consequently, if we divide 37076 by 1400, the quotient will 
give the approximate width of the rectangles. Using 1400 as a 
triai divisor^ we find it to be contained between 20 and 30 times in 
37076; hence the second or ten's figure of the root is 2. But be- 
sides the rectangles, there. must be added the little square CGKH, 
each side of which is 20 liiiear feet, we will therefore add 20 to 1400, 
and thus obtain 1420 for the total length of the two rectangles and 
the side of the little square. Now, multiplying 1420 by 20, we ob- 
tain 28400 square feet for the total additions, which subtracted from 
37076, leaves 8676 square feet. The square AE KF thus completed 
is 720 feet on a side. 

Again, a side of this square is to be further increased so that the 
added surface will amount to 8676 square feet. And, as before, the 
parts added will conjsist of two equal rectangles and a little square. 
The trial divisor, which is the sum of the length of the two new rect- 
angles, is the same as the sum of two sides of the square AEKF. 

If, now, to 1420 already found, we add 20, we shall have 1440, 
which is the sum of EK and KF, and which is our second trial 
divisor. We find this divisor contained between 6 and 7 times in 
8676; hence our third or units* figure of the root is 6. Therefore 
is the width of the second set of rectangles. The second little 
square KNRP, of the same width as the rectangles, must be 6 linear 
feet on a side ; therefore, adding 6 to 1440, we find 1446 for the whole 
length of the new rectangles and a side of the second little square. 
Multiplying 1446 by 6, we obtain 8676 square feet as the sum of the 
series of additions to the square AEKF, thus forming the squaw 
ALRM, which is the square sought ; each side being 726 feet. 

The above work may be arranged as follows : 

NuMBKR. Root. 

Linear feeL Square feet. Linear feet. 

700 627076 (700+20+6=:':g». 

1400=lst trial divisor 490000 
1420 37076 

1440=2d trial di /isor 28400 
1446 8676 

8676 
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If we omit the ciphers on the right, the work wili take the foUow* 
ug condensed form : 

NuKBSR. Root. 
LinewrfuL SqwrefatL Linear feH 
7 627076 (72a 
14=lst trial divisor 49 


242 370 
144=2d trial divisor 284 


1446 


8676 

8676 






CASE L 



Prom the above process, we deduce the following rule 
for the extraction of the square root of a whole number. 

RULE. 

/. Separate the given number into periods of two Jigures 
each, counting from the right towards the left. When ths 
number of figures is odd, it is evident that the left-hand, or 
first period, will consist of but one figure, • 

//. Find the greatest square in the first period, and place 
its root at the right of the number, in the form of a quotient 
in division, also place it at the left of the number. Subtract 
the square of this root from the first period, and to the re- 
mainder annex the second period; the result will be the 

FIRST DIVIDEND. 

///. To the figure of the root, as placed at the left of the 
number, add the figure itself and the sum, with a cipher an' 
nexed, will be the first trial divisor. See how many times 
this trial divisor is contained in the dividend ; the quotient 
will be the next figure of the root; this must be added to 
the trial divisor ; the result will be the true divisor. 
Multiply the true divisor by this last figure of the root, and 
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subtract the product from the dividend^ and to the remainder 
annex the next period^ for a new dividend. 

IV. To the last true divisor add the last figure of the 
r9oS ; the sum^ with a cipher annexed, vnll he a new trial 
DiVTiOR. Continue to operate as before^ until all the periodi 
hxce been brought down. 

Note. — In case any dividend is not so gieat as its tria. divisor, 
re mnst write as the next figare of the root ; we must also plaes 
at the right of the divisor, and form a new dividend by annexing 
a new period. 

EXAMPLES. 

1. What is the square root of 11390625 % 

OPERATION. 

3 ir39'06'25(3375 

63 9 



667 
6745 



239 
189 



5006 
4669 

33725 
33725 



2 Whatis the square root of 11019960576? 

Ans. 10497a 
8- What is the square root of 276793836544 % 

^nj. 52611a. 

4 What is the square root of 12321 ? Ans. 111. 

5 What is the square root of 53824 % Ans. 232. 

6 What is the square root of 30858025 ? Ans. 6565 
7. What is the square root of 16983563041 % 

25 Ans. 130321 
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8. What is the square root of 852891037441 1 

Arts, 923521. 

9. What is the square root of 61917364224^ 

Ans, 24883^ 
CASE n. 

To extract the square root of a decimal fraction or 3f o 
ftumber consisting partly of a whole number, and part.y 
of a decimal, we have this 

RULE. 

/. Annex one cipher^ if necessary, to the decimals, so that 
their number shall be even. 

II. Then point off the decimals into periods of two figures ^ 
eachy counting from the units^ place towards the right. If 
there are whole numbers, they must be pointed off as in Case 
I Then extract the root, as in Case I. 

Note. — If the given number has not an exact root, there will be a 
remainder after all the periods have been brought down, in which 
case the operation may be extended by forming new periods oi 
ciphers. 

EXAMPLES. 

1. What is the square root of 3486-78401 7 

Ans. 59049. 

2. What is the square root of 6*5536 % Ans. 2-56. 

3. What is the square root of 0.00390625 ? 

Ans. 00625. 

4. What is the square root of 17? -4n^. 4123,nearlj, 
6. What is the square root of 37-5 ? 

Ans. 6- 123, nearly. 
ft. What is the square root of 00000012321 7 

Ans. O'OOn I 
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CASE m. 

To extract the square root of a vulgar fractio.i, or mixed 
number, we have this 

RULE 

1. Reduce the vulgar fraction, or mixed number, tp Us 
mmplest fractional form, 

IL Then extract the square root of the numerator and 
denominator separately, if they have exact roots ; hut when 
they have not, reduce the fraction to a decimal, and proceed 
M in Case IL 

EXAMPLES. 

L What is the square root of -f^J? Ans, J. 

2. What is the square root of jjfigf ? Ans. ^. 

3. What is the square root of ijUl Ans. 2j. 

4. What is the square root of f of f of f of -f ? 

Ans. \. 
6. What is the square root of 4^ 1 

Ans. 2027 nearly. 

6. What is the square root of -j^ ? 

Ans. 0-8044 nearly. 

7. What is the square root of Jf ? Ans. 0.52 nearly. 

VXAUFLES mVOLVINO THE PRINCIPLES OP THE SQUARE ROOT. 

133* A triangle is a figure having three sides, and 
consequently three angles. 

When one of the angles is right, like the comer of a 
square, the triangle is called a right-angled triangle. In 
this case the side opposite the right angle is called the 
hypotenuse. Digitized by Google 
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It is an established proposition of geometry , that the square 
of the hypotenuse is equal to the sum of the squares of the 
other two sides. 

From the above proposition^ it follows that the sqtutre of 
the hypotenuse^ diminished by the square of one of the sides^ 
equals the square of the othe*^ side. 

By means of these properties, it follows that two sidec 
of a right-angled triangle being given, the third side can 
be found. 

EXAMPLES. 

i. How long must a ladder be, to reach to the top of a 
house 40 feet high, when the foot of it is 30 feet from the 
house ? 

In this example, it is obvious that the ladder forms tha 
hypotenuse of a right-angled triangle, whose sides are 30 
and 40 feet respectively. Therefore, the square of the 
length of the ladder must equal the sum of the squares 
of 30 and 40. 

30«=: 900 
403 = 1600 

-/2500=50, the length of the ladder. 

2. Suppose a ladder 100 feet long, to be placed 60 feel 
from the roots of a tree , how far up the tree will the top 
of the ladder reach ? Ans, 80 feet. 

3. Two persf^ns start from the same place, and go, th« 
one due north, 50 miles, the other due west, 80 miles. 
How far apart are they ? Ans. 94-34 miles, nearly. 

4. What is the distance through the opposite comei* 
of a square yard? Ans, 4*24264 feet, nearly. 

5. The distance between the lower ends of two equal 
rafters, in the different sides of a roof, is 32 feet, and the 
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height of the ridge above the foot of the rafters is 12 feet 
What is the length of a rafter? Ans, 20 feet. 

6. What is the distance measured through the centre 
of a cube, fiom one comer to its opposite comer, the cube 
being 3 feet, or one yard, on a side 1 

Ans. 5- 196 feet, nearly. 
We know, from tJie principles of geometry , that all simiim 
turfaceSy or areas, are to each other as the squares vftheif 
like dimensions. 

7. Suppose we have two circular pieces of land, the one 
100 feet in diameter, the other 20 feet in diameter. How 
much more land is there in the larger than in the smaller) 

By the above principle of geometry it follows, that the 
quantity of land in the two circles must be as the squares 
of the diameters, that is, 100* to 20*, or as 25 lo I. 
Hence, there is 25 times as much in the one piece as 
there is in t^e other. 

8. Suppose, by observation, it is found that 4 gallons of 
water flow through a circular orifice of 1 inch in diameter 
in 1 minute. How many gallons would, imder similar 
circumstances, be discharged through an orifice of 3 inches 
in diameter, in the same length of time 1 

Ans, 36 gallons. 

9. What length of thread is required to wind spirally 
around a cylinder, 2 feet in circumference and 3 feet in 
length, so as to go but once around 1 

It is evident that if the cylinder be developed, or placed 
upon a plane, and caused to roll once over, that the eon« 
fex surface of the cylinder will give a rectangle, whose 
width is 2 feet, and length 3 feet ; at the same time the 
titfead wi.l form its diagonal. Hence, the length of the 
thiead is ^4+9=-/ 13 =3-60555 feet, nearly. 
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EXTRACTION OF THE CUBE ROOT. 

1S4. We will first involve a number to the thiid 
power, that is, we will find the cube of that number. 

Let the number be 45. 

45'=45 X 45 X 45=91125. But we will separate thia 
number into parts ; that is, into tens and unitSy and show 
by the aid of the exponent and the symbols, how the cube 
of the number when thus separated is obtained. 

OPERATION. 

40+5 
40+5 
40«+40.5 
+40.5+5" 



40«+2x40.5+5«=the square of 40+5* 

40+5 

40'+2x40«.5+ 40.5* 
+ 40«.5+2x40.5"+5» 

40'+3x 4015+3 x40.5»+5'=cube of 40+5. 

By a similar process we shall obtain 

(6+8)«=6»+3x6«.8+3x6.8«+8^ 
That is, the cube of the sum ofttoo numbers is, the cube of 
the first number, plus three times the product of the square 
of the first number into the second, plus three times the pnh 
duet of the first into the square of the second, plus the cube 
of the second. 

If we wish the cube of the sum of three nimibera, as 
6+8+9, we may imite the first and second by means of 
a parenthesis : thus, for 6+8+9, we may make use of 
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(6+ft)+9, and regarding (6+8) as one number, we find, 
according to the foregoing statement, that the cube of 
(6+8) +9 is equal to the cube of (6+8) plus three times 
the product of the square of (6+8) into 9, plus three times 
the product of (6+8) into the square of 9, plus the cube 
of 9. But the cube of 6+8, has already been shown to 
be equal to the cube of 6, plus three times the product al 
the square of 6 into 8, plus three times the product of 6 
, into the square of 8, plus the cube of 8. Hence the cube 
of 6+8+9 is equal to the cube of 6, plus three times the 
square of 6 into 8, plus three times 6 into the square of 8, 
plus the cube of 8 ; plus three times the square of the sum 
of 6 and 8 into 9, plus three times the sum of 6 and 8 
mto the square of 9, plus the cube of 9. And in general, 
we have the cube of the sum of any number of numbers equal 
to the cube of the first numbery plus three times the square of 
the first number into the second, plus three times the first 
into the square of the second, plus the cube of the second ; 
plus three times the square of the sum of the first two into 
the third, plus three times the sum of the first two into the 
square of the third, plus the cube of the third ; plus three 
times the square of the sum of the first three into the fourth^ 
plus three times the sum of the first three into the square of 
the fourth, plus the cube of the fourth, and so on. 
Thus: 

(2+3)»=2»+3x2«.3+3x2.3«+3l 

(5+7y=5'+3x5».7+3x5.7«+7l 

(5+6+7)»=5»+3 X 5».6+3 X 5.6«+6» 
+3 X (5+6)«.7+3 X (5+6).7«+7». 

(365)»=(300+60+5)'=300»+3x300«.60 
+3 X 300.60'+60'+3 x (300+60)«.5 
+3x(300+60).5»+5». 
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40»=40X 40X40 
=64000 



TLe cubing of a number may be illustrated geometrically as fol- 
lows: 

Let it be required to cube 45, the number before eiTiployedi 
To simplify the illustration, suppose we are required to And 
tbe number of cubic inches in a cube whose side is 45 incheik 
Separating 45 into Fig. i. 

40+5, we will sup- 
pose the cube, (fig. 
1,) to be 40 inches 
on a side; then 40 x 
40x40 will give the 
acAid contents of this 
cube, represented by 
40». 

Let fig. 2 represent 
tlie cube increased 
by 'three equal slabs ; 
then 3 (the number 
of slabs) times 40* 
(the surface of one of 
the slabs,) multiplied 
by 5, the thickness of 
a slab, will give the 
solid contents of the 
slabs, represented by 
3x402.5. 

Let fig. 3 represent 
the solid, (as in fig. 
3 ) further increased 
hyikree e^Aol comer 
pieces ; then 3 (the 
number of comer 
pieces) times 40 (the 
length of one cor- 
ner piece) multiplied 
into 5*, the surface 
of an end of a corner 

piece, will give the solid contents of the comer pieces, represec leil 
by 3X40.5^. 





Fig. 9, 
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40«=40X40 

=1600 
X by 3 

4800 

X by 5 

24000 



Fig. 3 
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Piff.4. 




Let ^. 4 represent 
the solid (as in fig. 3) 
farther increased by a 
Wile comer cube^ each 
side of which is 5 
inches; then 5x5x5 
will givs the solid con- 
tents of this cube, rep- 
resented by 5'. 

Then the whole cube 
thus increased will be 
represented by 453=403+3x402.5+3x40.52+53 

=64000+24000+3000+125=91125. 

] 35. We will now endeavor to deduce a rule for the extra'cncn 
of the Cube Root. 

Let it be required to find the cube root of 382657176. 

For the sake of simplicity, we will suppose 382657176 to denc.e 
ihe number of cubic feet in a geometrical cube ; we are required to 
find the number of liiiear feet in a side of this cube, that is, the 
length of one of its sides. 

We will first inquire how many figures the root will have. 

The smallest number, consisting of two figures, which is 10, be- 
comes, when cubed, 1000, having more than three figures. Again, 
ihe largest number, 99, which consists of two figures, becomes, 
when cubed, 970299, which consists of six figures. Hence, when 
a number consists of more than three figures, and not of more than 
six, its cube root will consist of two figures. By a similar method 
it may be shown, that when a number consists of more than six, 
and of not more than nine figures, its cube root will consist of three 
figures. Therefore, if we separate a number into groups of three 
figures each, the number of groups will denote the number of 
Igores in the cube root of that number. 

In the present example, we know that there must be three figures 
in the root. 

We know that the side of the cube sought must exceed lOOlima* 
feet, since the cube of 700 is 343000000, which is less than 382657176 , 
we also know that the side of this cube must be less than 800 liTiear 
feet, since the cube of 800 is 512000000, which is greater than 
382657176. Blepce the first figure of our root, or the figure in the 
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Fig. J. 



hundrcd*s place is 7 ; whose cube, 343, is the greatest cabe 
tained in 382, the first, or left-hand 
period. If we suppose each side 
cf the gabe, represented by figure 1, 
to be 700 linear feet, one of the 
equal faces, as the upper face 
DEFG, will be denoted by 700 x 
100=490000 5^tt<ire feet. The solid 
COD tents of the cube will be repre- 
sented by 700^x700=490000x700 
=343000000 CM^ feet. Subtracting 
343000000 cubic feet from 382657176 
cuMc feet, we find 39657176 cvbic feet for a remainder. 

Hebce it is necessary to increase the cube, figure 1, by 39657174 
cubicieQL We have seen (Art. 134) that such increase is efiTected 
by the addition of three equal slabSy three equal comer pieceSj and an 
additional cube; and that the contents of the three slabs will make 
by far the largest portion of the whole increase. 




Fig. 2. 



The number of square feet in the 
face of one of these slabs will be 
the same as the number of square 
feet in the face of the cube, figure 
I, which has already been shown 
to be 490000 square feet The 
surface of the three slabs will be 
three times 490000 square feet ; or, 
which would be the same thing, 
twice 490000 square feet, added to 
iSQGK^ square ieei* If to AB, (fig. 
I,) which is 700 linear feet^ we add BC, which is also 700 linear feet, 
we shall have AB + BC equal to 1400 linear feet, which, multiplied bf 
DB, equal to 700 linear feet, will give 980000 square feet, for the aret 
ABDG+BCED,which, added to DEFG, which is 490000 s^Ma*ff feet, 

* It will be noticed that the peculiar Mtepa throughout this demonstration, havl 
reference to the mode of extracting the Cube Root which follows. Tne object of 
these processes is, to make use of what has been obtained in one stage of the woA 
for the stage next succeeding ; to obtain a new quantity by adding to one already 
in hand, instead o^muttiplyvyg an original quantity; thereby saving much Xvm 
tnd labor. ^ 
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will give 1470000 square feet, for the area of three faces of the cube, 
figure 1, which is the same as the area of the three slabs. Were we 
to mnltiply 1470000 by the thickness of the slabs, we should obtain thi 
en^ feet in these slabs. And since the contents of the slabs make 
Betiijr the whole amount added, it follows that 1470000 multiplied 
bjr^ thickness of slabs, will give nearly 39657176 culnc feet. Con- 
Kfikeiily, if we divide 39657176 by 1470000, the quotient will give 
tiie approximate thickness of the slals. Using 1470000 as a iricA 
dhkoTj we find it to be contained between 20 and 30 times in 
39657176 ; hence the second or tens* figure of the root is 2. 

We have already remarked that 1470000 multiplied by 20, the 
thickness of the sldbSj will give their solid contents. But besides 
the slabs there must be added three comer pieces, each of which 
is 700 feet long, and of the same thickness as the slabs^ that is^ 20 
feet Since each comer piece is the same length as a side of the 
cube, figure 1, it follows that adding 700 to 1400 or 700+700, th« 
sum 2100 will represent the total length of the three corner pieces. 
Were we to mulUply 2100 by 20, we should obtain the area of the 
three comer pieces^ which might 
be added to 1470000, the area of 
the tliiee slabs. But, since there is 
also U} be added a liUle cube^ each 
of whose sides is 20 linear feet, 
we will add 20 to 2100, and thus 
obcain 2120 for the total length of 
the three comer pieces, and of a 
side of the little cube. Now, 
multipl3ring 2120 by 20, we ob- 
tain 42400 square feet for the sur- 
face of the three comer pieces ^ 
and a face of the little cube ; which, added to 1470000, the number 
of square feet in the faces of the three slabs, will give 1512400 squart 
feet in all the additions. If we mulUply 1512400 by 20, the thick- 
ness of these additions, we shall obtain 30248000 cubic feet for all 
die additions, which, subtracted from 39657176, leaves 9409176 aJm 
fbet The cube thus completed is 720 feet on a side, and is repie* 
ftnted by figure 4. 



Fig. 3. 
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Fig. 4. 




The surfaces now obtained may be represented (figure a,) by the 
parts included within the heavy lines. The three divisions of th« 
figure, including the doUed lines, may be supposed to be three eniin 
faces of the cube, figure 4. 

But this cube is to be further 
increased by 9409176 cubic feet. 
And as before, the parts added 
will consist of three equal sUdbs^ 
three equal corner pieces^ and a 
litUe cube. The trial divisor, 
which is the area of the faces of 
the three slabs, is the same as 
three times the area of a face of 
the cube, figure 4, each of whose 
sides is 720 feet. 

Now to obtain this area, we 
have only to add to the surfaces already obtained, and represented 
within the heavy lines, (figure a,) three rectangles, each 700 feet 
by 20, and two little squares 20 feet by 20 feet. 

If to 2120, a number which we already have, we add 20, we 
shall obtain 2140, the lifiear extent of the rectangles and squares 
desired, as in the dotted portions, (figure a.) And as these dotted 
portions have all the same width of 20 feet, if we multiply 2140 
by 20, we shall obtain 42800 square feet for the area of the dotted 
portion, (figure a,) which, added to 1512400, the area of the parts 
included within the heavy lines, will give 1555200 square feet 
!br the area of three slabs, each equal to one face of the cube, 
(figure 4.) This will be a second trial divisor. We find this divisor 
contained between 6 and 7 times in 9409176 j hence our third figure 
of the root, or the figure in the units' place, is 6. Were we to mul- 
tiply 1555200 by 6, it would give the cubic feet in the second 5<»t o, 
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tUibs. But before multiplying, we will increase that sum by the ' 
surface of the second set of comer pieces, and of the second liUle cube. 
The length of each comer piece is the same as a side of the cube, 
figure 4, which is 720 feet^ hence, adding 20 to 2140 already found, 
we obtain 2160, which, being 3 times 720, will be the linear extent 
of the three comer pieces. Were we to multiply 2160 by 6, wc 
^uld find the surface of these three comer pieces, but as we wish 
ftlso the area of one of the faces of the second little cube, we add 6 
(0 2160, and thus obtain 2166, which, multiplied by 6, will give 
12996 for surface of second set of conwr pieces and of second litUe 
cube ; this added to 1555200, gives 1568196 for the surface of the 
whole second series of additions. Multiplying 1568196 by 6, we 
obtain 9409176 cubic feet, which have thus been added to the cube 
represented by figure 4 ; hence the cube whose side is 726 feet is the 
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1 ne aoove woik may w 


3 arrangea as loiiows ; y / r ■ r 


Ivr GOLUMN 


Sd column. 


NUMBER. ROOT. 


TJMtarfeet. 


Square feet. 


Cvbie feet. Linear feeL 


700 


490000 


382657176 (700+20+6=726 


1400 


1470000=lst tr. divisor, 


343000000 


9160 


1512400 


39657176 


mso 


1555200=2d tr. divisor, 


30248000 


2140 


1568196 


9409176 


2160 




9409176 



2166 

If we omi; the ciphers on the right, and omit unnecessary term^ 
ikjd work wil^ take the following condensed form : 

larOOLXTMN. Sd COLUMN NUMBER. ROOT. 

Linear feet. Square feet. Cubic feet. Linear f ML 

7 49 382657176(726. 

14 147=lst trial divisor, 34> 

212 15124 39657 

214 15552=2d trial divisor, 30248 

2166 1568196 9409176 

9409176 



• 26 
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NotE.— In the extraction of the cube root, as just i lustrated, ft 
will be noticed that each divisor is a geometrical surface ; that is 
to say, the product of two dimensions, width and breadth, for ex- 
ample ; and of course the quotient must be the other dimension, 
that is, the thickneiss. 

But it is important to remember that it is only squares and cubes, 
square roots and cube roots, that can have any relation to geomd* 
rical dimensions ; any higher power of a mmiber as 4*, or any other 
root as 'f^f cannot be illustrated by blocks. The principle, therefore, 
of involution and evolution is, strictly speaking, independent of sur- 
faces and solids ; it is purely arithmetical. 

From the foregoing demonstration we may^deduce the following 



RULE. 

/. Separate the number whose rojt is to he found^ into 
periods of three figures each, counting from the urMs* place 
towards the left. When the number of figures is not divisible 
by 3, the left-hand period will contain less than 3 figures, 

11. Seek the greatest figure whose cube shall not exceed 
the first or left-hand period ; write it after the manner of a 
quotient in division for the first figure of the root. Place 
this figure for the head of a first left-hand column^ and its 
square for the head of a second left-hand column^ and sub- 
tract its cube from tJte first period. To the remainder bring 
down a second period for the first dividend. Add the 
figure in the root to the term of the 1st column already 
found, for its next term, which multiply by the same figure, 
and add the product to the term already found in the 2d 
COLUMN, ybr its next term, which will be a trial divisor. 

///. Find how many times the trial divisor, with ttD$ 
ciphers annexed, is contained in the dividend ; write the quo* 
tieht for the next figure of the root. Annex this figure in 
the last term of the 1st column, after- having added to thai 
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term the preceding quotient figure ; this will give the next 
term of the 1st colxtmn. Multiply this term by the last 
found figure in the root^ and add the product^ after advancing 
it two places to the fjghtj to the last term of the 2d column, 
for its next term J^ Multiply this term by the last found 
figure of the root, and, subtract the product from the dividend, 
und to the remainder bring down the next period for a new 

©rVTDEND. 

Proceed as before until all the periods have been brought 
down. 

Note 1. — ^When any dividend is not so great as the corresponding 
trial divisor with two ciphers annexed, write for the next figure 
of the root, and to the dividend bring down the next period. Use 
the same trial divisor as before, but viiihfour ciphers annexed. 

Note 2. — The trial divisor, being less than the true divisor, will 
sometimes give too large a quotient figure ; when the multiplica- 
tion of the true divisor by this figure shows such to be the case, this 
figure must be made smaller. 

Note 3. — By the above rule, which is diflerent from the rule 
usually given by the aid of geometrical diagrams, we have managed 
to keep distinct all the geometrical magnitudes; thus otir first 
column represents the numerical values of lines, the second column 
represents the numerical values of surfaces, and the third column 
corresponds to solids. And, as we are never required to multiply 
by any number greater than is expressed by a single digit, the labor 
of multiplying and adding results to the terms of the successive 
columns is far simpler than at first might be supposed. 

By means of these auxiliary columns the work bears a close 
analogy to Homer's method of solving numerical cubic equations; 
(See Treatise on Algebra.) The use of auxiliary columns be- 
comes very apparent in the extraction of roots of the higher orde^, 
u the fifth root, the seventh root, &;c. 
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EXAMPLES. 

What is the cube root of 913517247483640899^ 

OPERATION. 

Number. Roc*. 

9 1 3'5 1 7'247;483'640'899 (970299 
729 



llT COLUMK 


3o Column. 


9 


81 


18 


243 


277 


26239 


284 


28227 


29102 


282328204 


29104 


282386412 


291069 


28241260821 


291078 


28243880523 


2910879 


28244142502: 



184517 
183673 


844247483 
564656408 


279591075640 
254171347389 


25419728251899 
11 25419728251899 



2. What is the cube root of 10077696 ? Ans. 2ia 

3. What is the cube root of 2357947691 1 

Ans. 1331. 

4. What is the cube root of 42875 ? Ans. 35. 

5. What is the cube root of 1 17649 ? Ans. 49. 

6. What is the cube root of 7256313856? Ans. 19Z6. 

CASE XL 

To extract the cube root of a decimal fractior^ or of a 
number consisting partly of a whole number and partly 
of a decimal, we have this 

RULE. 

I. Annex ciphers to the decimals, if r^cessary, so <A«I 
ihey may be separated into equal periods. 
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//. Separate the decimals into periods of 3 figures eick^ 
taunting from the decimal point toward the rights and proceed 
as in whole numbers. 

Note. — If the giren^number has not an exact root, there will be • 
lemainder after all the periods have been brought dowr^ The pro- 
cess may be continued by annexing ciphers for new periods. 



EXAMPLES. 

1. What is the cube root of 0-469640998917? 

Ans, 07773. 

2. What is the cube root of 18-609625? Ans. 2-65. 

3. What is the cube root of 1-25992105 ? 

Ans. 1-08005. 

4. What is the cube root of 2? Ans. 1-2599. 

5. What is the cube root of 9 ? Ans. 2-08008. 

6. What is the cube root of 3? Ans. 1-4422. 

CASE m. 

To extract the cube root of a yulgar fraction, or mixed 
number, we have this 

RULE. 

/. Reduce the fraction or mixed number, to its simplest 
fractional form. 

II. Extract the cube root of the numerator and denomina- 
tor separately y if they have exact roots, but when they have 
net, reduce the fraction to a decimal, mid then extract the 

root by Case II. ^^^ 

26* 
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EXAMPLES. 

1. What is the cube root of ffff? ^ns +f 

2. What is the cube root of tVbVW? ^^s, H. 

3. What is the cube root of 17i? Ans. 2577, nearly, 

4. What is the cube root of 5+? Ans, 1-726, nearly, 
6. What is the cube root of f}? Ans. 0-9353, nearly. 
6. What is the cube root of f ? Ans. 0-8736, nearly. 



EXAMPLES mVOLVINO THE PRINCIPLES OF THE COSE RCOX 

13G* It is an established theorem of geometry y that aU 
similar solids are to each other as the cubes of their Uk$ 
dimensions. 

1. If a cannon-ball, 3 inches in diameter, weigh 8 
pounds, what will a ball of the same metal weigh, whose 
diameter is 4 inches ? 

By the above theorem, we have 

3^ : 4* : : 8 pounds : 18ff pounds, 
for the answer. 

2. The celebrated Stockton gun, which, in bursting, 
proved so fativl to many of our distinguished citizens, is 
said to have carried a ball 12 inches in diameter, which 
weighed 238 pounds. What ought to bo the diameter d 
another ball of the same metal, which should weigh 32 
pounds? 

■^ X 12 ' =232*336 inches nearly=cube of the diametei 
of the ball sought. 
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Hence, i?^232-336=61476 inches nearly, the diameter 
»f the ba J required. 

3. A cooper having a cask 40 inches long and 32 inches 
at the bung diameter, wishes to make another cask of the* 
same shape, which shall contain just twice as much. 
What will be the dimensions of the new cask ? 

( 40^^2=50-3968 inches, nearly, for length. 
' ( 32>^2=40-3l75 inches, nearly, for diameter. 

4. What is the side of a cube, which will contain as 
much as a chest 8 feet 3 inches long, 3 feet wide, and 2 
feet 7 inches deep ? Ans. 47-984 inches, nearly. 

5. How many cubic quarter inches can be made out of 
a cubic inch ? Ans. 64. 

6. Required the dimensions of a rectangular box, which 
shall contain 20000 solid inches, the length, breadth, and 
depth being to each other, as 4, 3, and 2. 

SOLUTION. 



-*M^XiXiXi=-*Y^, whose cube root is 51?^= 
9-4103, nearly. 

r9-4103 X 4=37-6412, length. 
Ans,l 9-4103 x 3=28-2309, breadth. 
[9-4103x2=18-8206, depth. 
Or, as follows : 

If we were to augment the width of this b«c, so as to 
make it as wide as it is long, its volume would become 
i of 20000=266661 . Again, if we augment the depth 
of this new box, so that it may be as deep as it is wide, 
and as it is long, its volume will become 2 times 26666} 
=53333-^, which is the contents of a cubical box, whose 
tide is equal to the length of the original box. Hence, 
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i?'53333i=37-641, nearly, for the length. The *«ridth ii 
f of this length, and the depth is i this length. 

. Note. — For a more complete treatise on the square and enbi 
root, as well as the roots of all powers, see Higher Arithmetic. 



ARITHMETICAL PROGRESSION. 

137* A SERIES of numbers, which succeed each other 
regulcriy, by a common difference, is said to be in arith' 
metical progression. 

When the terms are constantly increasing, the series is 
an arithmetical progression ascending. 

When the terms are constantly decreasing, the series 
is an arithmetical progression descending. 

Thus, 1, 3, 5, 7, 9, &c., is an ascending arithmetical 
progression ; and 10, 8, 6, 4, 2, is a descending arithmet- 
ical progression. 

The terms of an arithmetical progression may be frac- 
tional. Thus, in the progressions, 

i, 1, H, 2, 2i, 3, 3i, 4, 4i, &c.; 
i, -J, 1, H, If, 2, 2i, 21, 3, &c. 

The first has a common difference of •)- ; the second has 
ft common difference of •)-. 

In arithmetical p»x)gre8sion, there are five things to bt 
considered : 

1. The first term, 

2. The last term. 
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3 The common difference. 
i. The number of terms. 
5. The sum of all the terms. 

These quantities are so related to each other, that any 
three of them being given, the remaining two can be 
found. 

We will demonstrate one or two of the most important 
eases. 

When are numbers in arithmetical progression ? When is the progression ascend- 
ing ? When is it descending ? Are the numbers 1, 3, 5, 7, 9, &c., in ascending of 
descending arithmetical progression ? Mention the five quantities to be considered is 
arithmetical progression. How many of these must be given in order to be able t« 
find the others 1 



CASE I. 

By our definition of an ascending arithmetical progres- 
sion, it follows that the second term is equal to the first, 
increased by the common difference ; the third is equal to 
the first, increased by twice the common difference ; the 
fourth is equal to the first, increased by three times the 
common difference ; and so on, for the succeeding term. 

Hence, when we have given the first term, the common 
diflference^ and the number of terms, to find the last term, 
we have this 

RULE. 

Tj the first term add the product of the common difference 
into the number of terms^ less one. 
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EXAMPLES. 

1. What is the 100th term of an arithmetical progDes* 
sion, whose first term is 2, and common difference 3 ? 

In this example, the number of terms, less one, is 99, 
which, multiplied by the common diflference, 3, gives 297, 
which, added to the first term, 2, makes 299 for the 100th 
term. 

2. What is the 60th term of the arithmetical frogrea- 
sion, whose first term is 1, the common difference ^1 

Ans. 25^ 

3. A man buy a 10 sheep, giving $1 for the first, $3 for 
the second, $5 for the third, and so on, increasing in arith- 
metical progression. What did the last sheep cost at that 
rate 1 Ans. $19. 

4. The first term of an arithmetical progression is -J- the 
common difference i, and the number of terms 26. What 
is the last term ? Ans. Zi. 

CASE n. 

From the nature of an arithmetical progression, we see 
that the second term added to the next to the last term is 
equal to the first added to the last ; since the second term 
is as much greater than the first, as the next to the last \a 
less than the last. After the same method of reasoning, 
we infer that the sum of any two terms equidistant from 
the extremes, is equal to the sum of the extremes. 

Hence, it follows that the terms will average just haU 
the sum of the extremes. 

Therefore, when we have given the fiirst term, the last 
term, and the number of terms, to find the sum of all th*« 
terms, we have this 
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RULE. 

Multiply half the^sum of the extremes hy the number ef 
terms 

£XAMPLT». 

1. The first term of an arithmetical progression is 2, 
the last term is 50, and the number of terms is 17. What 
is the sum of all the terms ? 

In this example, half the sum of the extremes is 

iof(2+50)=26. 

This, multiplied by the number of terms, gives 26 x |7= 
442, for the sum required. 

2. The first term of an arithmetical progression is 13, 
the last term is 1003, the number of terms is 1 00. What 
is the sum of the progression ? Arts, 50800. 

3. A person travels 25 days, going 1 1 miles the first 
day, 135 the last day ; the miles which he traveled in the 
successive days, form an arithmetical progression. How 
far did he go in the 25 days ? Ans. 1825 miles. 

4. Bought 7 books, the prices of which are in arithmet- 
ical progression. The price of the first was 8 shillings, 
and the price of the last was 28 shillings. What did they 
all come to ? Ans. £6 6s. 

6. What is the sum of 1000 terms of an arithmetical 
pmgression, whose first term is 7 and last term 1113? 

Ans. 560000. 

6. The first term of an arithmetical progression is ^, 
and the last term 365f , and the number of terms 799. 
What is the sum of all the terms? Ans. 146217. 
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QEOMETRICAL PROGRESSION 

138. A SERIES of numbers which succeed each othei 
regularly, by. a constant multiplier, is called a geometrical 
progression. 

This constant factor, by which the succQssive term& 
are multiplied, is called the ratio. 

When the ratio is greater than a unit, the series is 
called an ascending geometrical progression. 

When the ratio is less than a unit, the series is called 
a descending geometrical progression. 

Thus, 1, 3, 9, 27, 81, &c., is an ascending geometrical 
progression, whose ratio is 3. 

And, 1 -J, tV, ^, &c., is a descending geometrical pro- 
gression, whose ratio is |. 

In geometrical progression, as in arithmetical progres 
gion, there are five things to be considered. 

1 The first term. 

2. The last term. 

3. The common ratio. 

4. The number of terms. 

5. The sum of all the terms. 

These quantities are so related to each other, that any 
three being given, the remaining two can be found. 

The solution of some of these cases requires a knowledge 
of higher principles of mathematics than can be detailed? 
by arithmetic alone. 

We will give a demonstration of the rules of one or two 
of the most important cases. 
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Wiien are mtiiiben in geometrical piofteMlon ? WfaariTTfi^'^constant faeter, bj 
which the tuceenive terms are multiplied, called 1 When this ratio exceeds a unit, 
tfie progression is called what 1 When this ratio is less than a unit, how is the prv> 
fiession called 1. Give an example of an ascending geometrical progression Y Give 
anezample of a descending geometrical progression. . How many quantities are to be 
conddered in geometrical progression? Mention these quantities. How macy ol 
dmm must be known to enable us to find the others 1 

CASE L 

By the definition of a geometrical progression, it followi 
that the second term is equal to the first term, multiplied 
by the ratio ; the third term is equal to the first term, mul- 
tiplied by the second power of the ratio ; the fourth term 
is equal to the first term, multiplied by the third power of 
the ratio ; and so on, for the succeeding terms. 

Hence,' when we have given the first term, the ratio, 
and the number of terms, to find the last term, we have 
this 

RULE. 

Multiply the first term by the power of the ratio^ whose ex- 
ponent is one less than the number of terms, 

EXAMPLES. 

1. The first term of a geometrical progression is 1, tha 
ratio is 2, and the number of terms is 7. What is the laat 
term? 

In this example, the power of the ratio, whose exponent 
if one less than the number of terms, is 2® =64, which, 
multiplied by the first term, 1, still remains 64, for the last 
tenn. 

2. The first term of a geometrical progression is 5, the 
ratio is 4, and the number of terms 9. What is the last 
term? 27 ^n*. 327680. 
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3. A person traveling, go^ 5 miles the first day^ \h 
miles the second day, 20 miles the third day, and so on, 
increasing in geometrical progression. If he continue to 
travel in this way for 7 days, how far will he go the last 
day? ^njf. 320 miles. 

CASE n. 

Let it be required to find the sum of all the terms of 
the geometrical progression 2, 6, 18, 64, 162, 486. 

If we multiply each term by 3, which is the ratio, we 
shall obtain this second progression, 6, 18, 54, 162, 486, 
1458, the sum of whose terms is obviously 3 times as 
great as the sum of the terms of the first progression. 
Consequently, the difference between the sums of the 
terms of these two progressions is (3 — 1) =2* times the 
sum of all the terms of the first progression. If we omit 
the first term of the first progression, it will agree with 
the second progression, after omitting its last term. 
Hence, the difference between the sums of the terms of 
these two progressions may be found by subtracting 2, 
the first term of the first progression, from 1458, the last 
term of the second progression ; but 1458 was obtained 
by multipljdng 486, the last term of the first progression, 
by 3, the ratio. 

Hence, we finally obtain this condition : 

That the sum of all the terms of a geometrical progress 
sion, repeated as many times as there are units in the rcUia^ 
less one, is equal to the last term multiplied by the ratio, and 
diminished by the first term. 

Therefore, when we have given the first term of a g«or 
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metrical progFession, the last tenn, and the rano, to find 
the sum of all the terms, we have this 

RULE. 

Subtract the first term from the product of the last tetm 
kUo the ratio ; divide the remainder hy the ratio^ less one. 

EXAMPLES. 

i. The first term of a geometrical progression is 4, tha 
iUst term is 78732, and the ratio is 3. What is the smn 
df all the terms 1 

In this example, the first term subtracted from the 
product of the last term into the ratio, is 236192, which, 
divided by the ratio, less one,. gives 118096, for the sum 
of all the terms. 

2. The first term of a geometrical progression is 5, the 
last term is 327680, and the ratio is 4. What is the sum 
of all the terms 1 Ans. 436905. 

3. A person sowed a peck of wheat, and used the whole 
crop for seed the following jear; the produce of this 
second year again for seed the third year, and so on. If 
in the last year, his crop is 1048576 pecks, how many 
pecks did he raise in all, allowing the increase to have 
been in a fourfold ratio? Ans. 1398101 pecks. 

139. When the ratio of a geometrical progression is 
less than a unit, the first term will be the largest, and the 
last term the least ; the progression will, in this case, be 
descending ; but if we consider the series of terms in a 
reverse order, that is, calling the last term the first, and 
the first the last, the progression may then be considered 
as ascending. 

If a decreasing geometrical progression be^e^^k^ed to 



315 ELEMENTARY ARITHMETIC. 

an infinite number of terms, we may neglect the last term 
as of no appreciable value ; we can find its sum by 
Case II., when it is modified, as follows : 

Givei^ the first term of a descending geometrical pro- 
gression, and the ratio, to find the sum of all the teniMi 
when continued to' infinity. 

RULE. 
Divide the first term hy a unit diminuhed by the ro^ 

EXAMPLE. 

1 . What is the sum of all the terms of the infinite series 
l,i,i,+,&c.? 

In this example, a unit, diminished by the ratio, is 
1— J-z=-J-, and the first term, 1, divided by -J, gives 2, foi 
the sum of all the terms. 

2. What is the sum of the infinite series i, i, i, -sV) 
&c. ? Ans. li. 

3. What is the sum of the infinite series yV) rivi tAti 
-ftiVTr/&c.? Ans.}. 

4. What is the sum of tue infinite series Z^, Yij^ rrVn 



ALLIGATION. 



14:0* ALLIGATION is generally treated unJer two dii" 
tinct heads, called Allegation Medial and Allegation Alter' 
note. The latter, however, belongs properly to the pnm 
ince of Algebra 
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ALLIGATION MEDIAL. 

14:1 • Alligation Medial teaches the method c( 
fading the mean value of a compound, when its several 
ingredients and their respective values are given. 

What ii Alligation Medial 1 

Suppose a grocer mixes 140 pounds of tea, which m 
worth 8^. per pound ; 200 pounds, worth 6^. per pound ; 
and 160 pounds, worth 10^. per pound. What is a pound 
of the mixture worth ? 

140 pounds of tea, at Ss. per poimd, is worth 140x8= 
1120^.; 200 pounds, at 6^., is worth 200x6= 1200^.; 160 
pounds, at 10^., is worth 160x10=1600^. Therefore, 
the mixture, which is 500 pounds, is worth 1120+ 1200+ 
1600=3920^. Hence, one pound of the mixture must be 
worth-^VV^=:7|Jj. 

Hence, to find the mean value of a compound, composed 
of several ingredients of different values, we have this 

RULE. 

Divide the sum of the values of all the ingredients by the 
sum of the ingredients. 

Sepe«^ thkRul«. 

EXAMPLES. 

1. A wine-merchant mixed several sorts of wine, rix ■. 
32 gallons, at 40 cents per gallon ; 15 gallons, at 60 centi 
per gallon ; 45 gallons, at 48 cents per gallon ; and 8 
gallons, at 85 cents per gallon. What is the vaiue of a 
gallon of the mixture ? ^^^ 
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32 gallons, at 40 cents=$12-80 

15 " 60 " = 900 

45 « 48 « = 21-60 

8 « 85 " = 6-80 

100 gallons of mixture =$50*20. 

Therefore, one gallon of the mixture is worth $50*20-^ 
l00=$0-502=50 cents and 2 mills. 

2. A farmer mixed together 7 bushels of rje, worth 73 
cents per bushel ; 15 bushels of com, worth 60 cents per 
bushd ; and 12 bushels of wheat, worth $1-20 per bushel 
What is the value of a bushel of the mixture ? 

Ans. $0-831-4.. 

3. A goldsmith melts together 1 1 ounces of gold 23 
carats fine, 8 ounces 21 carats fine, 10 ounces of pure 
gold, and 2 pounds of alloy. How many carats fine is the 
mixture? Ans. 12|i. 

It will be understood that a carat is a 24th part. Thus, 
21 carats fine is the same as i\ pure metal ; in the same 
way, 23 carats fine is ff pure metal. 

4. On a certain day, the mercury in the thermometer 
was observed to stand 2 hours at 62 degrees, 4 hours at 
70 degrees, 5 hours at 72 degrees, 3 hours at 59 degrees, 
and 1 hour at 75 degrees. What was the mean tempera- 
ture for the fifteen hours % Ans. 67-H- degrees. 

5. Suppose a ship sail at the rate of 5 knots for 3 
hours, at 7 knots for 5 hours, and 8 knots for 4 hoursk 
What is her rate of sailing during the 12 hours ? 

Ans, 6f knots. 

6. A grocer mixes 30 pounds of sugar worth 10 centi 
per pound; 40 poimds worth 10^ cents per pound; 24 
pounds worth 1 1 cents per pound ; and 60 pounds worth 13 
cents per pound. What is a pound of the mixture worth % 

Ans, 1 1-A- cents. 
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ALLIGATION ALTERNATE. 

. 143« Alligation Alternate is the reverse of AHiga 
lion Medial ; that is, it teaches the method of finding the 
ingredients when their rates are given, so that the torn- 
pound shall have a given value. 

Wlnt it AUigatioa Altenatel 

Suppose we wish to mix teas, which are worth 4 and 6 
shillings per pound, so that the mixture may be worth 5 
shillings per poimd : it is obvious that we must take equal 
quantities of each j since the price of the one is as much 
less than the mean price, as the other is greater. 

Again, suppose we wish to mix teas, which are worth 4 
and 7 shillings per pound, so that the mixture may be 
worth 5 shillings. In this case the 7 shilling tea is 2 
shillings above the average price, whilst the 4 shilling tea 
is but 1 shilling below : it will be necessary to use twice 
as much of the 4 shilling tea as of the 7 shilling tea ; and 
in all cases it is obvious that the quantities to be used will 
be in the inverse ratio to thjp differences between their 
prices and the mean price. 

When there are more than two simples they may be 
compared together in couplets, one term of which must 
obviously exceed the average price, while the other muit 
be less. 

CASE L 

The rates of the several ingredients being given, f 
make a compound of a fixed rate. 
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From what has been said above, we diaw the fol* 
lowing 

RULE. 

/. Write the rates of the simples in a column under each 
other, then connect each rate of the ingredients which is less 
than the rate of the compound, with one cr more rates greater 
than the rate of the compound ; connect in the same way, 
each rate which is greater than the rate oj the compound^ 
with one or more rates which are less, 

11, Write the difference between each rate of the ingre* 
dients and the compound rate, opposite the rate of the ingre* 
dients with which it is connected. If only one difference 
stands against any rate, it will be the required quantity of 
the ingredient of that rate ; but if there be several, their sum 
will be the quantity required, 

Reoeat this Rule. 

EXAMPLES. 

I. How much sugar at 5, 6, and 10 cents per pound, 
must be mixod together, so that a pound of the mixture 
may be wortn 8 cents ? 



SOLimON. 



(10 J/ 3+2= 



Therefore, if we take 2 pounds at 5 cents, 2 pounds at 
6 cents, and 5 pounds at 10 cents, we shall satisfy the 
conditions of the question. It is obvious, that any other 
number of pounds which are to each other as the numbera 
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2, 2, and 5, will satisfy the question equally well ; so that 
in Alligation Alternate the number of solutions are tn- 
definite ; all that we can do is to find the ratios of thequan- 
tkies required. 

Note. — In many cases the Ingredients will admit of being con- 
nected in several ways, and then we shall obtain as many sets of 
ratios as there are methods of connecdng them. 

2. How many pounds of raisins at 4,6, 8, and 10 cents 
per pound, must be mixed, so that a pound of the com- 
pound may be worth 7 cents? 

In this question, the terms may be connected in seven 
distinct ways; therefore, we shall obtain seven sets of 
ratios, as follows : 

'" r 4x 1 r 4^1+3=4 

8^3 n 8^)3+1=4 

10-^ 1 10--^ 3 





3. How much wine, at 72 cents per gallon, and 48 centi 
per gallon, must be mixed together, that the composition 
may be vrorth 60 cents per gallon ? 

Ans, An equal quantity of each. 

4. How many gallons of wine and water must be mixed 
together, so that the mixture may be worth 60 cents per 
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gallon, the water being cohsidered of no value, and thi 
wine with which it is mixed being worth 90 cents pel 
gallon ? Ans, 2 gallons of wine to 1 of water. 

5. Having gold of 12, 16, 17, and 22 carats fine, what 
proportion of each kind must I take, to make a compound 
of 18 carats fine? Ans, 4, 4, 4, 9. 

6. It is required to mix difierent sorts of grain, at 56, 
62, and 75 cents per bushel, so that the mixture may be 
worth 60 cents per bushel. How much of each kind must 
be taken? Ans. 17, 4, 4. 

Besides the variety of answers which may be obtained 
by connecting the simples differently, an infinite number 
of solutions may be found, by combining the different 
ratios, as we will illustrate by the aid of the following 
question : 

7. How much tea at 5 shillings, 6 shillings and 8 shil- 
Ungs per pound, must be mixed so that the mixture may 
be worth 7 shillings per pound ? 

If we compound only the 5 and 8 shilHng teas, we 
must take them in the ratio of 1 to 2, since 7 shillings is 1 
shilling less than 8 shillings, and 2 shillings greater than 
5 shillings. Hence, any one of the compounds in the foi* 
lowing group (A,) will be worth 7 shillings per pound. 

(1) (2) (3) (4) (5) (6) 

5 shilling .tea 12 3 4 5 6, &c. 

8 shilling tea 2 4 6 8 10 12, &c. 

Sums, 3; 6; 9; 12; 15; 18;&c.J 

If we now mix the 6 and 8 shilling teas, we see that it 
will be necessary to take equal quantities of each, since 
the average price is to be as much above 6 shillhigs as it 
is below 8 shillings. Hence, the following compound will 
also be worth 7 shillings per pound : 
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(1) (2) (3) (4) (5) (6) 1 
6shaiinglea 12 3 4 5 &c. I /«! 
8 shilling tea 1 2 3 4 5 6 &c. P 

Sums, 2; 4; 6; 8; 10; 12; &c.. 
Now, it is obvious, we may combine any one of these 
test results with any one of the former results. Thus, if 
we combine (1) of group (A) with (1) of (B) we have 

Pownds, 

5 shilling tea ... 1 

6 " "... 1 
8 " " 2+1=3 

If we combine (1) of (A,) with (2) of (B,) we have 

Pounds, 

5 shilling tea . . .1 

6 " "... 2 
8 « " 2+2=4 

Combmmg (2) of (A,) with (3) of (B,) we have, 

Pounds, 

5 shilling tea . . .2 

6 « "... 3 
8 « " 4+3=7 

CJombining (5) of (A,) with (4) of (B,) we have, 

Poum4s. 

5 shilling tea ... 5 

6 " «... 4 
8 « « 10+4=14 

The number of combinations which could be made in 
this way is xmlimited ; hence, the above class of questions 
in Alligation admit of an infinite number of answers. 

CASE u. 

When one of the ingredients is limited to a certain 
quantity. 
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1. A person wishes to mix 10 bushels of wheat, worth 
$1 per bushel, with rye, worth 70 cents per bushel, and 
oats worth 30 cents per bushel, so that the mixture may 
be worth 60 cents per bushel. How many bushels of rye 
and oats must he use ? 

Proceeding, according to Caso I., we find the propor- 
tionate numbers to be 30, 30, and 60. Hence, 
30 : 30 : : 10 : 10 
30 : 60 : : 10 : 16f. 

So that he must make use of 10 bushels of rye, and 16| 
bushels of oats. Hence, this 

RULE. 

Find the proportionate quantities of each ingredient^ by 
Case /., in the same manner as though there was no limita' 
tion ; then, as the difference against the simple whose quan' 
tity is giveny is to each of the other differences, so is the given 
quantity of that simple to the quantity required of each of 
the other simples. 

Repeat this Rule. 

^. A 'grocer has 90 pounds of tea, worth 90 cents per 
pound, which he wishes to mix with three other qualities, 
valued at 80 cents, 70 -Cents, and 60 cents per pound. 
How much must he take of these three kinds, so as to be 
able to sell the mixture at 85 cents per pound ? 

Ans, 10 pounds of each. 

3. A merchant has 90 pounds of spice worth 86 centt 
per pound, which he wishes to mix with three other sorts 
which are worth 30, 40, and 60 cents per pound, re 
spectively. How many pounds must be used so that th« 
tompound may be worth 65 cents per pound 1 

Ans He must use 62 pounds of eacb- 
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MENSURATION. 

143. For the reason of many of the rules which 
we shall give for measuring surfaces and soUds, we shall 
lefer to the principles of geometry. The reference being 
in all cases to the " Elements of Geometry/' 



Problem I. — To find the area of a rectangle. 



B 



Suppose A BCD to 
be a rectangle whose 
length is 5 feet, and 
width 3 feet. 

If we divide this rect- 
angle into portions of • 
one square foot each, by means of lines drawn parallel to 
the sides of the rectangle, we stall obtain 15 such squares ; 
that is, the rectangle will contain 15 square feet. In this 
example there are 3 strips of 5 square feet in each, or 5 
strips of 3 square feet each. So that the number of 
square feet is found by multiplying the number of feet in 
length by the number of feet in width. 

Hence, to find the area of a rectangle wo have this 



RULE. 



Multiply the length hy the toidth, and the product toiU de 
ncte the number of squares of the same kind as the measure 
used in estimating the sides of the rectangle. If the sides 

yf the rectangle are measured infeet^ the vroduct will be the 

28 
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square feet ; if in inches^ then the product wiU he sqwant 
inehesj (B. IV. Prop, n, Scholium.) 



Note.— When the width of the rectangle 
Is the same as its length, it becomes a square, 
in which case we multiply the side of the 
square into itselfl 



EXAMFLEa 

1. How many square feet in a floor which is 16 feet 
wide and 23^^ feet long ? And how many yards of car- 
peting, one yard wide, will cover the floor ? 

23iX 16=376=the number of square feet. 

Since in one square yard there are 9 square feet, we find 
376-r9=41-J^=the number of yards of carpeting required. 

2. In a table 5 feet 3 inches long, and 3 feet 2 inches 
wide, how many square inches ? And how many square 
feet? ^^ i 2394 sq. inches. 

^( 16f sq. feet. 

3. In a rectangular fleld which is 13 rods long, and 7 
rods wide, how many square rods ? And what part is it 
of an acre? . c 91 sq. rods. 

* i -f^ of an acre. 

4. How many square inches in a square board 1CH| 
inohes on a side ? Ans. 1 10^ sq. inches. 

5. Which is the greater, a square board of 9 inches cm 
a iide, or a rectangular one 12 inches long and 7^ wide? 

r The rectangular piece 

Ans. < contains 9 square inches 

( more than the square one. 
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Feoblem II — To find the area of a pardlelogrum. 

Let A B C D be a 

parallelogram having 
A B for its base and 
DE its altitude. If 
lix>m C we draw O F 
perpendicular to the 

base A B, meeting it, produced at the pxnnt F, the figure 
E F C D will be a rectangle equivalent to the parallelo- 
^am, since the triangle A E D is obviously ^aqual to the 
triangle BF C. The base E F of the rectangle is equal 
to A B, the base of the parallelogram. The area of the 
rectangle is found (Prob. L) by multiplying the base by 
its altitude, and since the parallelogram is equal to the 
rectangle, and since its base and altitude are respectively 
equal to the base and altitude of the rectangle, it follows 
that the area of the parallelogram may be found by mul- 
tiplying its base by its altitude. 

Hence, to find the area of a parallelogmm, we have 
this 

RULE. 

MuUipli/ the base by the altitude. 

Note. — This rule includes the rule under the last problem ibi 
inding the area of a rectangle or square. It is not therefor^ necet- 
lAiy to add any new examples under this problem. 

Problem III. — To find the area of a triangle. 

Let A B C be a triangle, having A B for its base and 
CI) its altitude. By drawing C E parallel to the base 
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A B, and B£ parallel 
to the side, A C, we 
shall form a parallelo- 
gram A B E C, evi- 
dently double the tri- 
angle ABC. The area 
of the parallelogram is found (Prob. II,) by multiplying 
the base A B into the altitude C D. And as the triangle is 
one half the parallelogram, its area may be foimd by this 

RULE. 



Multiply half the base by the altitude. 

Note. — Either side of the tri- 
angle may be regarded as the 
base, and the altitude will be the 
perpendicular drawn from the 
opposite angle to the base, or 
to the base produced. In the 
annexed diagram, the perpen- 
dicular meets the base produced. The above rule applies equally 
well in this case, the area being found by multiplying half the base 
ABintcC D. 

When the three sides of a triangle are known, the area 
may be found by this second 




RULE. 



From the half sum of the three sidesj st^tract separaieltf 
each side, take the square root of the continued product of 
the three remainders and half sum, and it will give the are^. 

Note.— For a demonstration of this second rule, see Gcom«<ry, 
B. n. Prop. IX. 
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EXAMPLES. 

1. What is the area of a triangle whose base is 12 feet, 
and altitude 3 yards ? 

3 yards = 9 feet. Therefore -J- of 1 2 x 9 = 54 square feeti 
or 6 square yards for the area. 

2. What is the area of a triangle whose sides are re- 
spectively 7, 11 and 12 feet? 



SOLUTION. 



iof (7+ll + 12)=15 
15- 7= 8 
15-11= 4 
15-12= 3 



15x8x4x3=1440. 

-/i440= 12^10=37-95 nearly. 
Hence the area is 37-95 sq. feet. 

3. What is the area of a triangle whose base is 14 rods^ 
and whose altitude is 12 rods ? Ans, 84 sq. rods. 

4. What is the area of a triangle whose sides are re- 
spectively 13, 14 and 15 yards ? Ans. 84 sq. yards. 

5. In a triangular field whose sides are 1 8, 80 and 82 feet, 
how many square yards ? . Ans, 80 sq. yards. 



The area of any figure 
which is limited by any num- 
ber of right lines, as the field 
ABODE F, may be found 
by dividing it into triangles, 
and then computing each tri- 
angle separately, and taking 
l}\oir sum. 

28^ 
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pROBLEU IV. — To find the area of a trapeMoid, « 

Let A BCD be a trape- 
zoid having A B and C D 
for the parallel sides, CF 
for its altitude. If we 
draw A C it will divide the 
trapezoid into two triangles ABC, CD A. The area (A 
the triangle ABC may be found (Prop. III.) by multi- 
pl3dng half the base AB into the altitude C F ; and the 
area of the triangle CD A is found by multiplying half 
the base CD into the altitude AE, or into its equal CF. 
Hence the area of the trapezoid, which is the sum of the 
two-triangles, may be found by the following 



RULE. 

Multiply half the sum of the two parallel sides by the 
altitude. 

This rule haiS a fine 
appUcation in measur- 
ing a tapering board, as 
ABCD. In this case 
half the sum of the par- 
allel sides, AD and BC, is found by measuring the width 
GH at the middle of the board. This average width, 
GH. being multiplied by the length EF will give ^ 
&rea. 




EXAMPLEa 



1. If the parallel sides of a trapezoidal garden are re 
tpectively 4 and 6 rods; and the perpendicular distance 
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between these sides is 8 rods, how many square rods in 
the garden? ^^ ( 40 sq. rods, or just 

( -J- of an acre. 
2. How many square feet in a tapering board 16 feet 
long, measuring 15 inches wide at one end, and 10 inches 
et^ the other? Ans. 16f sq. feet. 

P&OBLEU V. — The diameter of a dircle being given to fit*4 
its circumference. 

If the diameter of a circle is taken as a unit, the cir- 
cumference will be 3-14159265, nearly. The exact value 
of the ratio of the circumference to the diameter has never 
been found. Its approximate value has been extended to 
more than 200 places of decimals. (Geometry, B. 7, 
Prop. XIV, Scholium.) 

Hence, when the diameter of a circle is known, its cir- 
cumference may be found by the following 



RULE. 

Multiply the diameter &y 3*1416. 

Note. — In the Higher Arithmetic, under Continued Fractions, 
we found some of the apc;roximate values of this ratio to be 3, V« 
Hit ?f f I &c« This last value of ff $ is true to six places of deci- 
mals. It may be easily retained in the memory by observing that 
if the first three odd numbers, 1, 3, 5, be duplicated, they will stand 
113355. Now the first three figures give the denominator, and the 
Mher three give the numerator of the ratio. 

Example. — What is the circumference of the earth, on 
the supposition that it is 8000 miles in diameter? 

Ans, 3-1416 x8000=25132-8 miles, nearly. 
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Problem VI. — Tt find the area of a circle^ when its d^ 
ameter is known. 



RULE. 

Multiply the circumference hy one fourth of the diameter. 
Or, what is equivalent^ multiply the square of the diameter b§ 
0-7854=i 0/31416. (Geometry, B. V., Prop. XI.) 



Note. — ^If a circle be inscribed in a square, 
its area will be to the area of the square, 
as 0-7854 is to 1. 



EXAMPLES. 

1. How many acres in a circle one mile in diameter? 
In a square mile there are 640 acres, thereibre in a cir- 
cle one mile in diameter there are 

640 acres x07854=502-656 acres. 

2. Which is the greater area, a circle 5 feet in diameter, 
or the sum of the areas of two other circles, the one being 
4 feet iu diameter and the other 3 feet ? 

r The first circle is eq;sa) 
Ans.< in area to the sum of the 
Lother twa 
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From the above rule we 
may deduce a simple meth- 
od of finding the area com- 
prised between the circum- 
ferences of two concentric 
circles, which area is the 
difference between two cir- 
cles. 

The area of the circle 
whose diameter is A B, is found by multiplying its square 
by 0*7854. And the circle whose diameter is D E, is 
found by multiplying the square of this diameter by 0-7854. 
Hence, the difference of these areas is equal to the differ* 
cnce of the squares of the diameters multiplied by 0*7854. 

Problem VII. — To find the solidity of a prism, or of a 
cylinder. 

RULE. 

MuUtply the area of the base by the altitude, (Geometry, 
B VII., Prop. XL) 

EXAMPLES. 

1. How many cubic feet in a rectangular stick of tim- 
ber 10 inches by 12 inches, and 36 feet long? 

10 inches=f of a foot, which is the fractional part of 
a square foot for the area of the end. 
f X 36=30=number of cubic feet. 

2. In a cylindrical log 14 feet long, and 14 inches in 
iiameter, how many cubic feet? 
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14 inches rrl-J- feet=f of a foot, 
fxfx 0-7854=1 069 square feet for area of cmd. 
1 069 X 14=14-966 cubic feet. 
3. How many cubic inches in a round bar of iron, 20 
feet long and ^ of an inch in diameter? 

Ans. 106029 cubic inches. 

Problem VIII. — To find the volume of a pyramid^ of of m 
cone, 

RULE. 

Multipfy the area of the hose hy one-third the altitude, 
(Geometry, B. VII., Prop. XVIL; and B. VIII. Prop. V) 



SXAMFLE8. 

1. The Egyptian pymmid, Cheops, covers a square of 
763f feet on a side, and is 480 feet perpendicular height 
How many cubic feet does it contain ? 

Ans, 932447291^ cubic feet. 

2. Suppose the mast of a ship to be a regular cone 87 
feet long, and 2 feet in diameter at its base, how many 
cubic feet will it contain? Ans. 91-1064 cubic feet 

Problem IX. — T) find the surface of a sphere, when its 
diameter is given. 

RULE. 

Multiply the square ofthe diameter by S'lilB. (Ocometiy 
a VIII., Prop. Xni. Schol.) • 
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EXAMPLES. 

1. How many square miles on the surface of the earth, 
on the supposition that it is an exact sphere of 8000 milei 
in diameter? 

Arts 8000 X 8000 x 3-1416=201062400 square miles. 
In order to obtain a value true to a unit, we must use, 
for our multiplier, 314159265, instead of 3-1416. 
Using this more accurate value, we find the 

Ans. 201061930 square miles, nearly. 

2. How many superficial inches has a ball 6 inches in 
diameter? Ans, 1130976 aquare inches. 

Problem X.— To find the volume of a sphere^ when its 
diameter is given, 

RULE. 

Multiply the cube of the diameter by 0*5236, which is^ of 
31416. (Geometry, R VIIL, Prop. XIIL Schol.) 

1. How many cubic 'nches in a ball 6 inches in diameter? 

Ans, 6 X 6 X 6 X 0*5236= 1 13-0976 cubic iwches. 

Note.— Comparing this Example with Example 2, ander last 
Problem, we see that the number of superficial inches and cubic 
inches are equal in a sphere of 6 inches in diameter. 

2. How many cubic inches in a ball of the celebrated 
Stockton gun, the diameter of which is 12 inches ? 

Ans. 904-7808 cubic inches. 
The following table of multipliers will be found very 
convenient for solving nearly all problems which can arise 
in mensuration of circles and spheres. 
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TABLE OF MULTIPUERS. 

L Rtdiua of a eireleX6'38318531=Cireumferenee. 
S. Square of the radios of a circleX3'14159365=Area. 

3. Diameter of a cireleX3'14159965=Circiimference. 

4. Square of the diameter of a cireleX0'7853981&=;Aiea. 
9. Circumference of a circIeX0']5915494=:Radiut. 

6 Circumference of a circleX0'31830989=Diameter. 

7 Square root of area of a cireleXO'56418958=£aditti. 
8. Square root of area of a cireleXl*12837017=Diameter. 

0. Radiui of circle Xl'73205081=Side of inscribed equilateral triaogi* 

10. Side of inMribed equilateral triftngleXO'5773S037=Radius of eiisie. 

11. Radius of a circleXl*41431356c=Side uf inscribed square. 

12. Side of inscribed square x0^071067a=Radius. 

13. Square of radios cf a sphefeXl3'56637061=:£)ar&ce 

14. Cube of radius of a BphereX4'19879Q30s=VoIume. 

15. Square of diameter of a sphereX3'14159365=Surface. 

16. Cube of diameter of a sphereX0-82359678=sVoIume. 

17. Square of circumference of a spliereX0'31830989&:Surface. 

18. Cube of circumference of a sphereX0'0168868fe=Volume. 

19. Square root of surface of a sphereX0'28209479=Radius. 

20. Square root of surface of a sphere X0'56418958=Diameter. 

21. Square root of surface of a sphereXl'77245385=Circumferenoe. 

22. Cube root of volume of asphereX0'62035049=Radiu8. 
S3. Cube rooit of volume of a BphereXl*34070098=i])iameter. 

24. Cube root of volume of a sphereX3'89777707=Circumference. 

25. Radius of a sphereXl'15470054=Side of inscribed cube. 

26. Side of inscribed cubeX0'86602540=Radius. 

Problem XI. — To find the volume of a frustum ofapyrt^ 
midj or of a cone. 

RULE. 

Find a mean proportional between the area of the tw$ 
haseSy to which add ths sum of the bases^ and multiply iks 
result by one-third the altitude of the frustum. 



EXAMPLES. 

1. Suppose a cisterh in the fonn of a fhistum of • 
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6on«, to be 9 feet deep, having for diameters 8 feet and 10 

feet. How many cubic feet will it contain? 

lOa X 0-7854= 100 X 0-7854=area of one base 

6«x 0-7854= 36x0-7854= " other ^ 

60x0-7854-- \ ^^^^ proportion between 
"~ c bases. 

196x0-7854=Sum. 
And 196 X 0-7854 xi of 9=461-8152 cubic feet, for its 
volume. 

2. Suppose a measure to be in the form of a frust\mi of 
a regular cone. If its top diameter is 6 inches, and the 
bottom diameter 9 inches, and it is 12 inches deep, how 
many cubic inches will it contain ? and how many beer 
gallons of 282 cubic inches each 1 

. ^ 537-2136 cubic inches. 
\ 1-909 beer gallons. 

Problem XII. — To find the area of an ellipse, 

NoTB.— A line drawn through 
the centre of an ellipse is called 
its diameter. The longest diam- 
eur is called the transverse dlam- 
ef^r; the shortest is called the 
a>n;iii^a^ diameter. ThnsAB is 
cbe transverse diameter, and CD 
U the conjagate diameter. 

The area of an ellipse may be foimd by this 

RULE. 

ihUiply the product rf the transfer sb and em^ugUe 
diametere hy 0*7854. 

29 
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EXAMPLES. 

1. How many square feet in the surface of an elliptioil 
pond, whose transverse diameter is 100 feet, and conju- 
gate diameter 60 feet ? 

Ans, 100x60x0-7854=4712-4 square feet. 

2. How many square inches is an^Uiptical table whoM 
transverse diameter is 5 feet 3 inches, and conjugate diam- 
eter 3 feet 6 inches ? And how many square feet ? 

{ 2078-1684 square inches. 
( 14-4317 square feet 



Note 1. — If an ellipse be in- 
scribed in a rectangle, its area will 
be to the area of the rectangle as 
0-7854istol. 

Note 2.— We also infer that, if a 
circle be inscribed in an ellipse, 
and another circle be circumscribed 
about the same ellipse, the ellipse 
is a mean proportional between the 
areas of the two circles ; that is, we 
Shan have, area of inscribed circle 
is to the area of ellipse, as area of 
ellipse is to the area of circum- 
scribed jircle. 




PROMISCUOUS QUESTIONS, 

144. 1. Suppose I purchase 81200 worth of goodi, f 
of which is on a credit of 3 months, i on a credit of 6 
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months, and the remaining -^ on a credit of 9 moniha 
How much ready money ought to pay the purchase, in* 
icrest being 7 per cent. 1 Ans. $1 159-64, nearly. 

2. In the above example, by the principles of equation 
of payments, how much credit ought I to have on the 
whole sum of $1200 ? Ans. 6 months. 

S Now, what is the present worth of $1200 due at the 
end of 6 months, interest being 7 per cent. 7 

Ans, $1159-42, nearly. 

4. I employed A and B to ditch my meadow. A was 
to receive 87-i- cents per rod, and B was to have il2-| 
cents per rod ; each wrought until his wages amounted 
to ^50. What was the amount of ditch dug by both ? 

Ans, lOlH. 

5. Three merchants, A, B, and C, enter into partner- 
ship. A advances $1200, B $800, and C $600. A leaves 
his money 8 months, B 10 months, and C 14 months in 
the business. They gain $500. What is the share of 
each? 

("A receives $184-ft. 

AnsJ B « 153+i. 

Lc « 161t2j. 

6. A and B have the same income ; A saves ■} of his ; 
but B, by spending $120 per annum more than A, at the 
end of 10 years finds himself $200 in debt. What was 
the income ? Ans. $500. 

7. Suppose a book to contain 365 pages, averaging 40 
lines of 10 words each on each page. How many words 
would the book contain ? Ans. 146000 words. 

8. There are 31173 verses in the Bible; how many 
dtvys will it require to read it through, if 30 verses aw 
read daily? Ans. 1039-iV days. 
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9. After expending •}- of my mooej, and i of the re 
mainder, I had remaining $72 ; how much had I at first 1 

Ans. $128. 

10. If I sell cloth at $1*50 per yard, and gain 25 pet 
cent., how ought I 'to have sold it so as to lose 20 per 
cent. ? Ans. $0*96. 

11. Sold cloth at $1*50 per yard, and gained 25 pel 
cent. What should I have lost per cent., if I had sold it 
at $0-96 per yard ? Ans. 20 per cent. 

12. If I buy cloth at $1-20 per yard, how must I sell it 
so as to gain 25 per cent. ? Ans. $1-50. 

13. A merchant has to make the following payments at 
three different periods : $2832 in 3 months, $2560 in 9 
months, and $1450 in 16 months. The creditor wishes to 
receive the whole sum of $6842 at once. When ou^ht 
the payment to be made 1 Ans. In 8 months. 

14. A father gives to his five sons $1000, which they 
are to divide according to their ages, so that each elder 
son shall receive $20 more than his next younger brother. 
What is the share of the youngest 1 Ans. $160. 

x5. A '^ompany of 90 persons consists of men, women, 
and children The men are 4 in number more than the 
women, the children 10 more than the adults. How many 
men, women, and children, are there in the company ? 

r 22 men, 
Ans. < 18 women, 
i 50 children. 
16. The common school fund for the state of New- York 
was $1975093-15 in 1843, and during the same yeai 
there were in the state, 677995 children between the ages 
of 5 and 16 years. How much would the above fund 
amount to per scholar? Ans. $291, nearly. 
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17. The whole number of volumes in the common 
school libraries of New York, in 1843, was 874865 
What would be their value at 37i cents per volume ? 

Ans.m2S074'S7i. 

18. The whole number of children taught in N. Y. 
during the year 1843, was 657782, and the whole number 
of schools was 10860. How many scholars on an average 
would each school consist of? Ans. Between 60 and 61. 

, 19. Suppose the Erie canal to be 60 feet wide, and 6 
feet deep ; how many miles in length will it require to 
make one cubic mile of water? Ans, 77440 miles. 

20. A. person owning f of a copper mine, sells f of his 
interest in it for $1800. What, at this rate, is the value 
of the whole ? Ans. $4000. 

21. Suppose I buy a certalii lot of oranges at 3 cents 
apiece, and as many more at 5 cents apiece, and sell them 
at 4 cents apiece ; do I gain or lose by the operation ? 

Ans. I neither gain nor lose. 

22. Suppose I buy a certain number of oranges at 3 
for one cent, and as many more at 5 for one cent, and sell 
them at 4 for one cent ; do I gain or lose by the operation ? 

r I lose -gV of a cent on each orange. 
Ans. < If the whole number of oranges 
' was 60, 1 should lose one cent. 

23. Suppose I expend a certain sum of money for 
oranges at -}■ of a cent, apiece and another equal sum 
for another lot of oranges at -J- of a cent apiece, and sell 
them at-} of a ct. apiece, do I gain or lose by the operation ? 

Ans, I neither gain nor lose. 

24. Suppose I expend a certain sum of money for oran- 
leB at 3 cents apiece, and another equal sum for anothei 

29* 
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lot at 5 cents apiece ; how much do I gain on each cent 
expended, if I sell them at 4 cents apiece % 

I gain tV of ^ ^®^^ o^ ^^ich cent 
employed in the purchase. If 
the whole sum employed waa 15 
. cents, I should gain 1 cent 

25. If A can do a piece of work in 3 daj's, B in 4 days, 
and C in 5 days, how many times longer will it take B to 
do it alone, than it will take A and C together to do it 1 

Am, 2yV times. 

26. If A can accomplish a piece of work in -|^ of a day, 
B in + of a day, and C in -J- of a day, how many times 
longer will it take B to do it alone, than it will take A and 
C together to do it ? Ans. 2 times. 

27. What is the shortest piece of cloth which shall be 
at the same time, an even number of yards, an even num- 
ber of Ells Flemish, an even number of Ells English, and 
an even number of Ells French ? 

Ans. 60 quarters = 15 yards. 

28. A man died, leaving $1000, to be divided between 
his two sons, one 14, and the other 16 years of age, in 
such a proportion, that the share of each being put to in- 
terest at 6 per cent., should amount to the same sum when 
they should arrive at the age of 21. What did each one 
leceive ? 

Since the shares of each would amoimt to equal sums 
when they should come of age, it is obvious that they 
must have been to each other reciprocally as the amomit 
of 81 for the respective times 7 years and 3 years. The 
amount of $1 for 7 years at 6 per cent., is $1-42. The 
amount of $1 for 3 years at 6 per cent., is 8118. Hence, 
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their portions were as 118 is to 142, or as 59 to 71. The 
sum of these numbers is 130. Therefore, • 
The younger must have -ffty of $1000 =$453-846, nearly. 
The elder must have tVjt of $1000 =$546* 154, nearly. 

29. Divide $100 between A, B, and C,s(5 that B may 
have $8 more than A, and C $4 more than B. How much 
must ^ach one have 7 fk has $30, 

Arts J B « $33. 
Ic " $37. 

30. A can do a piece of work in 4 days, and B can d<i 
the same in 3 days. How long would it take both to- 
gether to do it ? Ans, If days. 

31. A person wishes to dispose of his horse by lottery. 
If he sells the tickets at $2 each, he will lose $30 on his 
horse ; but if he sells them at $3 each, he will receive $30 
more than his horse cost him. What is the value of the 
horse, and the number of tickets 1 

J ( Value of horse, $150. 
^^' ( No. of tickets, 60. 

32. Thomas sold 150 pine-apples at 33-|- cents apiece, 
and received the same amount of money that Henry did 
for water-melons at 25 cents apiece. How much money 
did each receive, and how many metons did Henry sell ? 

Ans. Each received $50, and Henry sold 200 melons. 

33. A man bought apples at 5- cents a dozen, half of 
vfhich he exchanged for pears, at the rate of 8 apples fof 
5 pears ; he then sold all his apples and pears at a cent 
apiece, and thus gained 19 cents. How many af^les did 
he buy, and how much did they cost ? 

Am\ 48 apples for 20 cents. 

34. A i^erson expended $23-40 for eggs. With one 
half of his money he purchased a lot at 13 cents per doz- 
en ; with the other half of his money he purchased anothef 
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lot at 9 cents per dozen. He afterward sold them all U> 
gether at 1 1 cents per dozen. Did he gain or lose by tho 
operation ? Ans. He gained 80 cents. 

35. Divide $1200 between A and B so that As share 

I B has «933i. 

36. A gentleman spends | of his yearly income for 
Doard and lodging, -f of the remainder for clothes, and } 
of tho residue he bestows for charital:le purposes, and 
saves $100 yearly. What is his income % 

Ans. f2700. 

37. If I buy an article for $4, and sell it for 85, how 
nauch per cent, do I gain ? Ans. 25 per cent. 

38. If I give $5 for an article, and sell it for $4, how 
much per cent, do I lose ? Ans. 20 per cent. 

39. What is the interest of $175 for 3 months, at 6 per 
cent.? Ans. $2*625. 

40. How many yards of Brussels carpeting, which is ^ 
of a yard wide, will it require to cover a floor 18 feet by 
20 feet? Ans. 53+ yards. 

41. Admitting the velocity of a cannon ball to be 1600 
feet per second, what time, at this velocity, would it require 
to move 95 millions of miles, which is the distance from 
the eart^ to the sun, counting 365+ days to the year. 

Ans. 9-HfH years. 

42. The Winchester bushel measure is of a cylindric 
form, 8 inches deep, and 18+ inches in diameter, containing 
2150f cubic inches. What must be the side of a cubical 
box which shall contain the same quantity ? 

The cube root of 2 150|= 12*907, nearly, for the length 
of a side, in inches. 

43. The clocks of Italy go on to 24 hours ; then liow 
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many strokes do they strike in one revolution of the 
index? Ans. 300. 

44. There is an island 20 miles in circumference, and 
three men, A, B, and C, start from the same point, and 
travel the same way about it ; A goes 3 miles per hour, 
B goes 7 miles per hour, and C goes 1 1 miles per hour. In 
what time will they all be together ? 

Since B gains on A 4 utiles each hour, he will overtake 
him when he has gained the entire circumference ; that is, 
A and B will be together at the end of every 5 hours; 
Again, since C gains on B 4 miles each hour, he will 
overtake him when he has gained the whole circumference ; 
that is, B and C will be together at the end of every 5 
hours.. Consequently, they will all be together at the end 
of every 5 hours. 

45. What is the discount of $175 for 3 months, at 6 
percent.? Ans. $2-586. 

46. If a ship and its cargo is worth $30000, and the 
cargo is worth 5 times as much as the ship, what is the 
valueof the cargo? Ans. $25000. 

47. What is the difference between six and one half 
times 7, and seven and one half times 6 ? Ans. i. 

48. Three persons. A, B, and C, form a partnership ; A 
furnishes $1000, B $600, and C $450; at the end of 6 
months, C withdraws his capital, but no dividend is irade 
until the end of the year, when it is found that the '^rm 
has gained $244* 16. How is this gain to be divided ^ 
tween the partners ? 

r A has H of $244-16=$133-79-. 

Ans.i B has -H of $244-16=$ 80-27J 

I C has ^ of $244.16=$ 3010 >4 

Proof $ 244-1 6. 

Digitized by Google 



246 ELEMENTARY ARITHMETIC. 

49. Three persons, A, B, and C, engage to build a ^.w^ 
tain piece of wall for $244-16. While A can build JC 
rods, B can build but 6, and C but 4^. When the wall is. 
half completed, C ceases to labor upon it, ^nd A and B 
finish it. What part of the $244* 1 6 ought each to receive ? 

{A ought to have $135-85. 
B «* « " $ 81-51. 
C « " " $ 26-80. 

50. A and B together can build a wall in 4 days, A and 
C can together build it in 5 d&ys, B and C can together 
build it in 6 days. What time would it require for all 
together to accomplish it ? 

A and B can in one day build •}• of itsr-H" of it. 

AandC « " « « " i of it=:if of it. 

BandC « " « '* « iofit=Hofit. 
The sum of these fractions, ■H'-|-iH-H=-H, is evi- 
dently twice the fractional part accomplished by all in one 
day. Hence, they all would in one day accomplish -J- of 
fi=-?^\ consequently, in ■^=3-^ days, they would 
inish it. 

50. A note of $10000 given Jan. 1st, 1840, has received 
the following indorsements: January 1st, 1841, indorsed 
$2952-28, January 1st, 1842, indorsed $2952--28, January 
1st, 1843, indorsed $2952-28. How much remained iue 
January 1st, 1844, interest being computed at 7 per cent? 

Ans, There was due $295228. 

51. Two hunters, A and B, kill a deer, whose weight 
they are desirous of knowing. For this purpose, they rest 
a stick across thd limb of a tree ; then suspending the deer 
at the shorter extremity, they find that its weight is just 
counterpoised by the weight of A, who suspends himself 
oy his hands at the other extremity. Without hanging 
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the point of support of the stick, they take the deer from 
the shorter extremity and suspend it at the longer ex- 
tremity of the Stick, when it was found to be exactly bal- 
Euiced oy B's weight, when suspended at the shorter 
extremity of the stick. Now, supposing A to weigh 147 
pounds, and B to weigh 192 pounds, what must have been 
»he weight of the deer? 

By the principle of the lever, wc know that when dif- 
ferent weights at its extremities balance each other, they 
arc to each other inversely as the lengths of the arms to 
which they are attached. Hence, in the first experiment, 
we know that the weight of A is to the deer's weight, as 
the shorter arm is to the longer arm. In the second experi- 
ment, the deer's weight is to B*s weight, as the shorter 
arm is to the longer arm. Consequently, A's weight is to 
the deer's weight, as the doer*s weight is to B's weight ; 
that is, the deer's weight is a mean proportional between 
A's weight and B's weight. Therefore, if we multiply 
the number of pounds which A weighed, hy the number 
of pounds which B weighed, and extract the square 
root of the product, it will give the weight Oi* tte deer in 
poondi. 

147x192=28224. 

^^V28224= 168 the weight of the deer ir pounds. 
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